
 

 

GEOTECHNICAL AND 
WATER RESOURCES ENGINEERING 
 

 

 

 

 

PRELIMINARY DESIGN REPORT 
 

SOUTH BOULDER CREEK REGIONAL DETENTION PROJECT 
BOULDER COUNTY, COLORADO 

 
 

Submitted to  

City of Boulder 
1777 Broadway 

Boulder, Colorado  80302 

 
 

Submitted by  

RJH Consultants, Inc. 
9800 Mt. Pyramid Court, Suite 330 

Englewood, Colorado  80112 
303-225-4611 

www.rjh-consultants.com  
 
 
 

July 2022 
Project 16134 

 
   _____________________ 
   Robert J. Huzjak, P.E. 
   Project Manager 

http://www.rjh-consultants.com/


Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

i   

TABLE OF CONTENTS 

TABLE OF CONTENTS ........................................................................................................ I 

LIST OF ABBREVIATIONS ................................................................................................. VIII 

SECTION 1 -  INTRODUCTION ............................................................................................ 1 

1.1 PURPOSE AND OBJECTIVES ........................................................................................................ 1 

1.2 BACKGROUND  ......................................................................................................................... 1 

1.3 SCOPE OF SERVICES .................................................................................................................. 2 

1.4 PROJECT PERSONNEL ................................................................................................................ 3 

SECTION 2 -  PREVIOUS STUDIES AND REPORTS .................................................................... 5 

2.1 GENERAL ................................................................................................................................. 5 

2.2 FLOOD MAPPING STUDY ............................................................................................................ 5 

2.3 CONCEPT DESIGN REPORT ........................................................................................................ 6 

SECTION 3 -  EXISTING CONDITIONS .................................................................................. 7 

3.1 GENERAL ................................................................................................................................. 7 

3.2 UNIVERSITY OF COLORADO BOULDER SOUTH CAMPUS .................................................................. 7 

3.3 OPEN SPACE AND MOUNTAIN PARKS ......................................................................................... 9 

3.4 COLORADO DEPARTMENT OF TRANSPORTATION ........................................................................... 9 

3.5 SOUTH BOULDER CREEK ........................................................................................................... 10 

3.6 VIELE CHANNEL ...................................................................................................................... 10 

3.7 IRRIGATION DITCHES AND LATERALS .......................................................................................... 11 

3.8 SUBSURFACE CONDITIONS ....................................................................................................... 11 

SECTION 4 -  PROJECT DESCRIPTION ................................................................................ 12 

4.1 GENERAL ............................................................................................................................... 12 

4.2 EMBANKMENT DAM  ................................................................................................................ 12 

4.3 SPILLWAY ............................................................................................................................... 13 

4.4 GROUNDWATER CONVEYANCE SYSTEM .................................................................................... 13 

4.5 OUTLET WORKS ...................................................................................................................... 14 

4.6 SITE DRAINAGE ....................................................................................................................... 14 



Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

ii    

4.7 SITE GRADING AND ACCESS .................................................................................................... 15 

4.8 ECOLOGICAL M ITIGATION AND RESTORATION ........................................................................... 16 

SECTION 5 -  DATA COLLECTION .................................................................................... 17 

5.1 GENERAL ............................................................................................................................... 17 

5.2 TOPOGRAPHIC SURVEY............................................................................................................ 17 

5.3 SUBSURFACE UTILITY ENGINEERING INVESTIGATION ...................................................................... 17 

5.4 GEOTECHNICAL INVESTIGATIONS .............................................................................................. 18 

5.5 ENVIRONMENTAL INVESTIGATIONS ............................................................................................. 19 

5.5.1 General  ..................................................................................................................... 19 

5.5.2 Wetland and T&E Surveys  ........................................................................................ 20 

5.5.3 ULTO Surveys ............................................................................................................. 20 

5.5.4 Cultural Resources  ................................................................................................... 21 

SECTION 6 -  SUPPLEMENTAL REPORTS .............................................................................. 22 

6.1 GENERAL ............................................................................................................................... 22 

6.2 HYDROLOGY REPORT .............................................................................................................. 22 

6.3 PHASE I AND PHASE II GEOTECHNICAL DATA REPORTS ................................................................ 22 

6.4 BASELINE GROUNDWATER MODEL REPORT ................................................................................ 22 

SECTION 7 -  BASIS OF DESIGN ....................................................................................... 25 

7.1 GENERAL ............................................................................................................................... 25 

7.2 REGULATORY AGENCIES .......................................................................................................... 25 

7.3 PROJECT STAKEHOLDERS .......................................................................................................... 26 

7.4 STATE REGULATORY STATUS ...................................................................................................... 26 

7.4.1 Jurisdictional Size  ...................................................................................................... 26 

7.4.2 Hazard Classification  ............................................................................................... 27 

7.4.3 Hydrologic Hazard Classification  ........................................................................... 27 

7.5 DESIGN CRITERIA .................................................................................................................... 28 

7.5.1 Regulatory Criteria  ................................................................................................... 28 

7.5.2 City (Owner) Criteria  ................................................................................................ 32 

7.5.3 CU Boulder Requirements  ....................................................................................... 34 

7.5.4 Dry Creek Ditch No. 2 Company Requirements  .................................................. 34 



Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

iii    

SECTION 8 - GEOTECHNICAL SITE CONDITIONS ............................................................ 35 

8.1 GENERAL ............................................................................................................................... 35 

8.2 FILL ....................................................................................................................................... 35 

8.2.1 General  ..................................................................................................................... 35 

8.2.2 US36 Embankment Fill  .............................................................................................. 35 

8.2.3 CU Boulder South Campus Fill ................................................................................. 35 

8.2.4 Levee Fill .................................................................................................................... 36 

8.3 ALLUVIUM .............................................................................................................................. 37 

8.4 PIERRE SHALE ......................................................................................................................... 38 

8.5 GROUNDWATER ..................................................................................................................... 38 

SECTION 9 -  HYDRAULIC MODELING ............................................................................... 40 

9.1 GENERAL ............................................................................................................................... 40 

9.2 PRELIMINARY CORRECTED EFFECTIVE MODEL ............................................................................. 41 

9.3 PRELIMINARY PROPOSED CONDITIONS MODEL .......................................................................... 44 

9.4 ALTERNATE EXISTING CONDITIONS MODEL ................................................................................. 49 

SECTION 10 -  DAM EMBANKMENT .................................................................................. 52 

10.1 GENERAL ............................................................................................................................... 52 

10.2 ANALYSES .............................................................................................................................. 53 

10.2.1 General  ..................................................................................................................... 53 

10.2.2 Wave Runup, Spillway Routing, an d Freeboard  .................................................. 53 

10.2.3 Material Properties  ................................................................................................... 54 

10.2.4 Seepage and Slope Stability Analyses  .................................................................. 54 

10.2.5 Seismic Deformation  ................................................................................................ 57 

10.2.6 Camber  ..................................................................................................................... 57 

10.2.7 Upstream Slope Protection  ..................................................................................... 57 

10.2.8 Downstream Slope Protection  ................................................................................ 58 

SECTION 11 -  SPILLWAY ................................................................................................ 59 

11.1 GENERAL ............................................................................................................................... 59 

11.2 SPILLWAY WALL ...................................................................................................................... 59 

11.3 SPILLWAY FOUNDATION ........................................................................................................... 60 



Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

iv   

11.3.1 Deep Foundation  ..................................................................................................... 60 

11.3.2 Shallow Foundation  ................................................................................................. 61 

11.4 SPILLWAY APRON ................................................................................................................... 62 

11.5 ABUTMENT CONNECTION TO US36 ........................................................................................... 63 

SECTION 12 -  GROUNDWATER CONVEYANCE SYSTEM ....................................................... 65 

12.1 GENERAL ............................................................................................................................... 65 

12.2 SPILLWAY GROUNDWATER CONVEYANCE SYSTEM ...................................................................... 65 

12.3 DAM EMBANKMENT GROUNDWATER CONVEYANCE SYSTEM ....................................................... 67 

12.4 GROUNDWATER CONVEYANCE SYSTEM DISCHARGES ................................................................. 67 

12.5 GROUNDWATER MODELING .................................................................................................... 68 

12.5.1 Baseline Groundwater Modeling  ........................................................................... 68 

12.5.2 Preliminary Design Modeling  .................................................................................. 68 

12.5.3 Groundwater Modeling - Conclusions  .................................................................. 71 

SECTION 13 -  OUTLET WORKS ........................................................................................ 73 

13.1 GENERAL ............................................................................................................................... 73 

13.2 INTAKE STRUCTURE ................................................................................................................... 73 

13.3 CONDUIT ............................................................................................................................... 74 

13.4 OUTLET STRUCTURE AND DISCHARGE CHANNEL .......................................................................... 75 

SECTION 14 -  SITE DRAINAGE ........................................................................................ 76 

14.1 GENERAL ............................................................................................................................... 76 

14.2 VIELE CHANNEL ...................................................................................................................... 76 

14.3 DRY CREEK DITCH NO. 2 ........................................................................................................ 77 

14.4 WILDLIFE CROSSING ................................................................................................................ 78 

14.5 US36 CULVERTS ..................................................................................................................... 79 

14.6 CU BOULDER ......................................................................................................................... 79 

SECTION 15 -  SITE GRADING AND ACCESS ...................................................................... 80 

15.1 GENERAL ............................................................................................................................... 80 

15.2 SITE GRADING ........................................................................................................................ 80 

15.2.1 Detention Excavation  .............................................................................................. 80 



Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

v   

15.2.2 Miscellaneous Site Grading  .................................................................................... 81 

15.3 SITE ACCESS ........................................................................................................................... 82 

15.3.1 South Loop Drive  ...................................................................................................... 82 

15.3.2 Site Access Roads  .................................................................................................... 82 

15.3.3 Multi -Use Trail ............................................................................................................. 83 

SECTION 16 -  ENVIRONMENTAL PERMITTING, M ITIGATION AND RESTORATION ....................... 84 

16.1 ENVIRONMENTAL PERMITTING ................................................................................................... 84 

16.1.1 Clean Water Act  ...................................................................................................... 84 

16.1.2 City of Boulder Wetland Permit  .............................................................................. 85 

16.2 ENVIRONMENTAL M ITIGATION AND ECOLOGICAL RESTORATION .................................................. 85 

SECTION 17 -  OPINION OF PROBABLE CONSTRUCTION COSTS ............................................ 86 

17.1 GENERAL ............................................................................................................................... 86 

17.2  BASIS OF COST OPINION ........................................................................................................ 87 

SECTION 18 -  CONSTRUCTABILITY CONSIDERATIONS ......................................................... 89 

18.1 GENERAL ............................................................................................................................... 89 

18.2 CONTRACTOR STAGING .......................................................................................................... 89 

18.3 EARTHWORK BALANCE ............................................................................................................ 89 

18.4 OVERSIZED PARTICLES ............................................................................................................. 90 

18.5 CONSTRUCTION WATER ........................................................................................................... 91 

18.6 CONSTRUCTION SPACE CONSTRAINTS ....................................................................................... 91 

18.7 DEMOLITION........................................................................................................................... 92 

18.8 TUNNELING ............................................................................................................................. 93 

18.9 IRRIGATION AND FARMING OPERATIONS ................................................................................... 93 

18.10 FLOOD PROTECTION ............................................................................................................... 94 

18.11 GROUNDWATER AND DEWATERING .......................................................................................... 95 

18.12 OTHER CONSTRUCTION SEQUENCING ....................................................................................... 96 

18.13 TRAFFIC CONTROL AND SITE ACCESS ........................................................................................ 96 

18.14 SITE RECLAMATION.................................................................................................................. 97 

SECTION 19 -  REFERENCES ............................................................................................ 98 



Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

vi   

LIST OF TABLES 

Table 7.1 Required Minimum Safety Factors 

Table 9.1 Hydraulic Modeling Scenarios  

Table 9.2 Hydraulic Modeling Results (100-Year) 

Table 9.3 Peak Flow Rate Differences  

Table 10.1 Seepage Model Results 

Table 10.2 Slope Stability Model Results 

 

LIST OF FIGURES 

Figure 3.1 Site Vicinity Map 

Figure 3.2 Site Plan 

Figure 3.3 CU Boulder South Campus and Land Use Designations  

Figure 4.1 Plan of Project Facilities 

Figure 5.1 Plan of Survey Limits 

Figure 5.2 Plan of Subsurface Utility Engineering Survey Limits 

Figure 5.3 Composite Environmental Resources Map 

Figure 9.1 Diff erence in 100-year Flood Depth between Effective Model and 

Preliminary Corrected Effective Model 

Figure 9.2 Difference in 100-year Flood Depth between Preliminary Corrected 

Effective Model and Proposed Conditions Model - Scenario 8 

Figure 9.3 Difference in 100-year Flood Depth between Preliminary Corrected 

Effective Model and Proposed Conditions Model - Scenario 9 

Figure 9.4 Difference in 100-year Flood Depth between Alternate Corrected 

Effective Model (HEC-RAS) and Preliminary Corrected Effective Model 

(MIKE FLOOD) 

Figure 12.1 Simulated Proposed Conditions Scenario 

Figure 12.2 Proposed Conditions Scenario Head Results - November 

Figure 12.3 Proposed Conditions Scenario Head Results - June  

 

APPENDICES 

Appendix A Jurisdictional Size and Hazard Classification Evaluation 

Appendix B Hydraulic Modeling 

B.1 Preliminary Proposed Conditions Hydraulic Model 

B.2 Alternate Corrected Effective Model 

Appendix C Geotechnical Analyses 

C.1 Embankment Seepage and Stability Material Properties 

C.2 Embankment Seepage and Stabili ty Analyses 

Appendix D Spillway Analyses 

D.1 Spillway Geostructural Evaluation     



Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

vii    

D.2 Spillway Energy Dissipation Evaluation 

D.3 Spillway Abutment Stability Evaluation 

Appendix E Groundwater Modeling of Proposed Conditions 

Appendix F Tunnel Feasibility Evaluation 

Appendix G Site Drainage Analyses 

G.1 Viele Channel Hydrologic Evaluation (PMF) 

G.2 Viele Channel Hydraulic Evaluation (PMF) 

G.3 Dry Creek Ditch No. 2 Modifications 

Appendix H Jurisdictional Determination 

H.1 Request for Approved Jurisdictional Determination 

H.2 Approved Jurisdictional Determination 

Appendix I Cost Opinion Information 

Appendix J 30 Percent Design Drawings (Provided separately) 

 

 

 



Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

viii    

LIST OF ABBREVIATIONS 

 

Abbreviation Term 

ac-ft Acre-Feet 

ASCE American Society of Civil Engineers 

ASTM American Society for Testing and Materials International 

BCS Base Construction Subtotal 

BVCP Boulder Valley Comprehensive Plan 

CDOT Colorado Department of Transportation  

CDPHE Colorado Department of Public Health and Environment 

cfs Cubic Feet per Second 

City City of Boulder  

CLOMR Conditional Letter of Map Revision  

cm/s Centimeter per Second 

Collier Collier Geophysics, LLC 

CORVUS CORVUS Environmental Consulting, LLC  

CRS 9-1.5 Colorado Revised Statutes, Title 9, Article 1.5 

CU University of Colorado  

CWA Clean Water Act 

CY Cubic Yard 

DCD2 Dry Creek Ditch No. 2 

DCS Direct Construction Subtotal 

DHI DHI Water and Environment, Inc. 

El. Elevation 

ERO ERO Resources Corporation 

FEMA Federal Emergency Management Agency  

Flatirons Flatirons, Inc.  

fps Feet per Second 

Ft3/d Cubic Feet per Day 

GPM Gallons per Minute  

GPS Global Positioning System 

HDR HDR, Inc.  

HFB Horizontal Flow Barrier 

H:V Horizontal to Vertical 

IDF Inflow Design Flood  

Lithos Lithos Engineering 

LOMR Letter of Map Revision  

Mg/kg Milligrams per Kilogram 

MHFD Mile High Flood District  



Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

ix   

Abbreviation Term 

mph Miles per Hour 

MTMB Microtunnel Boring Machine 

Muller Muller Engineering Company 

NWP Nationwide Permit 

OPPC Opinion of Probable Project Cost  

OSBT Open Space Board of Trustees 

OSMP Open Space and Mountain Parks 

OS-O Open Space - Other 

PFM Potential Failure Modes 

PGA Peak Ground Acceleration 

PK-U/O Park, Urban, and Other  

PMJM Prebleôs Meadow Jumping Mouse 

PMF Probable Maximum Flood 

Project South Boulder Creek Regional Detention  

psi Pounds per Square Inch 

PUB Public 

PVC Polyvinyl Chloride 

QL Quality Level 

RCBC Reinforced Concrete Box Culverts  

RCP Reinforced Concrete Pipes 

Reclamation U.S. Bureau of Reclamation 

RESPEC RESPEC Company, LLC 

Report Preliminary Design Report 

RJH RJH Consultants, Inc. 

RMS Root Mean Squared 

ROW Right-of-Way  

Rules and 

Regulations 
Rules and Regulations for Dam Safety and Dam Construction 

SAM Surveying and Mapping, LLC 

SBC South Boulder Creek  

SEO Colorado Office of the State Engineer  

SHPO State Historical Presentation Office 

SPT Standard Penetration Test 

SUE Subsurface Utility Engineering 

T&E Threatened and Endangered  

TR Technical Report 

tsf Tons per Square Foot 

ULTO Ute Ladiesô-Tresses Orchid  

US36 U.S. Highway 36  



Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

x   

Abbreviation Term 

USACE U.S. Army Corps of Engineers  

USFWS U.S. Fish and Wildlife Service  

WSE Water Surface Elevation 

2D Two-Dimensional 

 

 

 



Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

1 

SECTION 1 - INTRODUCTION 

1.1 Purpose and Objectives 

RJH Consultants, Inc. (RJH) was retained by the City of Boulder (City) and Mile High Flood 

District (MHFD) to provide engineering services for the South Boulder Creek (SBC) 

Regional Detention Project (Project).  The purpose of the Project is to improve floodplain 

resiliency in portions of the Frasier Meadows, Keewaydin Meadows, and East Boulder 

neighborhoods from floods originating along SBC up to a 100-year flood event.  This 

Preliminary Design Report (Report) presents the results and conclusions of the preliminary 

design (i.e., 30-percent).   

The preliminary (30-percent) design is documented in this Report and the 30-percent design 

drawings (Appendix J, bound separately).  This Report and the drawings are complimentary to 

each other and combined represent the 30-percent design of the Project. 

The preliminary design presented in this Report is based on hydrologic and hydraulic 

modeling, our current understanding of subsurface and groundwater conditions based on 

initial and preliminary design site investigations, engineering analyses to support 

development of Project components, engineering judgment, and our previous experience with 

similar projects.  The information in this Report will be refined and modified during the final 

design phase. 

1.2 Background 

Over the past 80 years, SBC has significantly flooded six times.  SBC has limited channel 

capacity upstream of U.S. Highway 36 (US36) and US36 overtops during large storm events.  

Overtopping stormwater flows north and west to a low point on the University of Coloradoôs 

(CU) Boulder South campus parcel near US36 and Table Mesa Drive.  In sufficiently large 

flood events, stormwater overtops US36 and floods extensively through a portion of the City 

known as the West Valley that includes portions of the Frasier Meadows, Keewaydin 

Meadows, and East Boulder neighborhoods.  SBC overtopped US36 in 1969 and 2013 and 

flooded the West Valley in 1938, 1950, 1969, and 2013. 

The City and MHFD retained RJH to provide engineering services for design of a regional 

stormwater detention facility at US36.  RJH, the City, and MHFD evaluated various concepts 

that could reasonably be implemented in the vicinity of the US36 regional detention facility 

site to reduce the risk for overtopping of US36 during a major flood event while also 
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addressing other Project requirements.  The methodology, results, and conclusions of the 

concept design work is presented in the South Boulder Creek Regional Detention Concept 

Design Report (RJH, 2020).  The City selected the Variant 1, Option 1 (100-Year) concept 

presented in the Concept Design Report (RJH, 2020) as the preferred alternative to advance 

to preliminary design. 

1.3 Scope of Services 

RJH performed the following services for the preliminary design phase of the Project: 

1. Managed and coordinated the work performed by RJH and our subconsultants. 

2. Supported and participated in meetings with key regulatory agencies and 

stakeholders, including the Colorado Department of Transportation (CDOT), 

Colorado Office of the State Engineer (SEO), City of Boulder Open Space and 

Mountain Parks (OSMP), U.S. Army Corps of Engineers (USACE), U.S. Fish and 

Wildlife Service (USFWS), and others. 

3. Conducted Phase II geotechnical investigations that included drilling, excavating test 

pits, performing a geophysical survey, performing field and laboratory testing, and 

preparing a Phase II Geotechnical Data Report. 

4. Collected and evaluated groundwater data. 

5. Developed a baseline groundwater model (i.e., existing conditions) and prepared a 

Baseline Groundwater Modeling Report. 

6. Performed topographic surveying to update the Project base mapping and to support 

hydraulic modeling. 

7. Performed a subsurface utility engineering (SUE) survey and incorporated utility 

information into Project base mapping. 

8. Developed a Design Criteria Memorandum to identify and document relevant 

operational, maintenance, technical, and regulatory criteria. 

9. Performed hydrologic analyses to develop the Inflow Design Flood (IDF).  Prepared a 

Hydrology Report and submitted to the SEO. 

10. Developed a Preliminary Corrected Effective Model in the MIKE FLOOD program. 

11. Performed hydraulic modeling in the MIKE FLOOD program to support the 

preliminary site layout and sizing of Project facilities. 

12. Performed geotechnical analyses to support preliminary design of the embankment. 
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13. Performed geotechnical, geostructural, and hydraulic analyses to support preliminary 

design of the spillway and appurtenant structures.   

14. Performed hydraulic and geotechnical analyses to support preliminary design of the 

outlet works. 

15. Performed geotechnical analyses to support preliminary design of the barrier wall and 

groundwater conveyance system. 

16. Developed design drawings to 30-percent complete level. 

17. Prepared an American Society for Testing and Materials International (ASTM) 

E2516-11 Class 3 (ASTM, 2011) (i.e., budgetary level) opinion of probable project 

cost (OPPC) for the design. 

18. Developed an Alternate Corrected Effective Model using the USACE HEC-RAS two-

dimensional (2D) computer program to model the 100-year event.  The Corrected 

Effective Model was developed in the MIK E FLOOD program. 

19. Performed field mapping of existing Ute ladiesô tresses orchid (ULTO) specimens for 

the 2021 survey season. 

20. Prepared and submitted a Request for Jurisdictional Determination to USACE. 

21. Prepared this Report.  

1.4 Project Personnel 

The following RJH personnel are responsible for the work contained in this Report: 

Project Manager:   Robert Huzjak, P.E. 

Project Engineer:   Eric Hahn, P.E. 

Lead Geotechnical Engineer: Adam Prochaska, Ph.D., P.E., P.G.(1) 

Staff Engineers:   Jacquelyn Hagbery, P.G.(1), E.I. 

Samantha Guilli es, P.E. 

Adam Merook, P.E. 

Technical Review:   Douglas Neighbors, P.E. 

Note 1:  Licensed in states other than Colorado. 

The work described in this Report was completed by RJH as the prime consultant with 

assistance from the following subconsultants (collectively referred to as the RJH Team): 

Hydraulic Modeling:   DHI Water and Environment, Inc. (DHI) 

RESPEC Company, LLC (RESPEC) 
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Environmental Permitting: CORVUS Environmental Consulting, LLC 

(CORVUS) 

ERO Resources Corporation (ERO) 

Surveying:    Flatirons, Inc. (Flatirons) 

Subsurface Utility Engineering: Surveying and Mapping, LLC (SAM) 

Detention Excavation Layout: Muller Engineering Company (Muller) 

Tunnel Engineering:   Lithos Engineering (Lithos) 

Cultural Resources:   PaleoWest 

The work described in this Report was overseen and coordinated by the City and MHFD.  

The City and MHFD team include the following personnel:  

City Project Manager:    Brandon Coleman, P.E. 

City Dam Safety Advisor:   Kevin Clark, P.E. 

MHFD Advisor:    James Watt, P.E. 

Kurt Bauer, P.E. 

City Director of Public Works:  Joe Taddeucci, P.E. 

We would like to recognize and thank OSMP staff for their support throughout the 

development of the work contained in this Report. 
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SECTION 2 - PREVIOUS STUDIES AND REPORTS 

2.1 General 

Numerous planning and engineering studies of SBC and surrounding areas have been 

performed over the last several decades for the City, MHFD, and others.  The RJH Team 

collected and reviewed previous studies, including major drainageway master plans, flood 

mapping studies, and hydrology reports.  Previous studies by others are documented in the 

South Boulder Creek Regional Detention Concept Design Report (RJH, 2020) and include 

the following: 

¶ Comprehensive master plans developed in 2001 (Taggart, 2001) and 2015 (CH2M, 

2015) to identify and evaluate flood mitigation concepts along SBC. 

¶ Boulder Valley Comprehensive Plan (BVCP) update (City of Boulder and Boulder 

County, 2017) in July 2017, which changed the land use designations for approximately 

80 acres of the CU Boulder South campus to facilitate construction of the regional 

stormwater detention facility at US36.  The BVCP CU Boulder South Guiding Principles 

also provided direction to consider mitigating flood risk to the highest practicable standard 

while balancing environmental, social, and financial impacts. 

¶ A Conditional Letter of Map Revision (CLOMR) prepared by Plenary Roads and 

Michael Baker Jr., Inc. to document changes in the SBC floodplain resulting from the 

US36 widening project.   

A summary of previous studies relevant to preliminary design is provided below. 

2.2 Flood Mapping Study 

HDR, Inc. (HDR) completed a comprehensive flood mapping study that serves as the basis 

for the Federal Emergency Management Agency (FEMA) regulatory floodplain.  The HDR 

study consisted of three reports: 

¶ South Boulder Creek Climatology/Hydrology Report (HDR, 2007). 

¶ South Boulder Creek Hydraulic Modeling Report (HDR, 2008). 

¶ South Boulder Creek Risk Assessment Report (HDR, 2009). 

The South Boulder Creek Climatology/Hydrology Report evaluated basin-specific design 

storms for both the general storm (i.e., long-duration) and thunderstorm (i.e., high-intensity, 

short-duration) precipitation events for return frequencies ranging from 2 to 500 years.  
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Various combinations of spatial orientations were evaluated to identify critical precipitation 

events.  In general, storms containing the created main stem peak flows were determined to 

occur in the lower watershed (i.e., downstream of Gross Reservoir).    

Rainfall-runoff analyses were performed using a MIKE 11 model, which is part of DHIôs 

MIKE FLOOD proprietary software program.  MIKE 11 is a dynamic, one-dimensional 

hydrologic model.  The watershed was divided into 27 sub-basins, and hydrologic 

characteristics were developed for each sub-basin.   

Hydraulic modeling was performed using a combination of MIKE 11 and MIKE 21 models.  

MIKE 11 was used to model the channel and hydraulic structures along the mainstem of SBC 

and major tributaries.  MIKE 21 was used to model overbank and floodplain areas.  The 

following blockages were used in the FEMA regulatory model at relevant structures: 

¶ US36 bridge at SBC:  10-foot-wide obstructions at both bridge piers (approximately 

20 percent blocked). 

¶ Dry Creek Ditch No. 2 (DCD2) culvert at US36:  35 percent blocked. 

¶ Viele Channel culvert at US36:  0 percent blocked. 

Topographic information was developed from LiDAR data obtained by the City in 2003.  A 

4-meter grid was used to develop the FEMA regulatory model. 

2.3 Concept Design Report 

The RJH Team performed data collection, hydrologic and hydraulic modeling, and concept-

level engineering analyses to develop concept-level alternatives to facilitate the Cityôs 

selection of a preferred alternative to advance into preliminary design.  The concept-level 

alternatives were identified based on Project objectives, constraints, site conditions; public 

and stakeholder input; and City staff input.  The alternatives were developed for the 100-year 

flood event, 500-year flood event, and a flood event between the 100-year and 500-year 

floods.  The alternatives are presented in the Concept Design Report (RJH, 2020). 

Concept selection criteria were developed by the RJH Team, the City, and MHFD and 

generally included Project viability, technical, operational, environmental, and economic 

issues.  The City selected the Variant 1, Option 1 concept as the preferred alternative to 

advance to preliminary design.  This concept was designed for the 100-year flood event. 
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SECTION 3 - EXISTING CONDITIONS 

3.1 General  

The Project will be located in southeast Boulder, Colorado, and is generally located south of 

US36, west of SBC, and east of several residential communities.  RJH has performed 

multiple site visits since 2017 to observe site conditions and perform data collection.  The 

Project site is comprised primarily of undeveloped land and irrigated pasture.  Existing land 

uses site conditions, and constraints that impacted preliminary design of the Project are 

summarized in the following sections.  A site vicinity map is presented on Figure 3.1, and a 

site plan is presented on Figure 3.2.   

3.2 University of Colorado Boulder South Campus 

The CU Boulder South campus is a 308-acre property located south of US36, east of several 

residential communities, and west of OSMP property.  The CU Boulder South campus currently 

includes a tennis complex, a maintenance building with an asphalt parking lot, and a series of 

pedestrian trails.  The pedestrian trails experience significant use from the public throughout the 

year.  The tennis complex is used seasonally by the CU athletic department.  Overhead electrical 

lines and multiple buried utilities exist on CU Boulder South campus, primarily near the 

maintenance building, tennis complex, and the northwestern portion of the property.   

South Loop Drive is the primary means of vehicle access to the CU Boulder South campus.  

South Loop Drive is a 24-foot-wide, paved road that extends from Table Mesa Drive to the 

existing CU maintenance building and gravel parking lot.  South Loop Drive is owned and 

maintained by CU.   

Gravel mining operations were performed on the CU Boulder South campus property before 

it was acquired by CU in 1996.  The gravel mining created a large excavation that is about 10 

to 15 feet below the original ground surface.  Gravel mining operations also created a series 

of below-grade ponds that fill with groundwater.  Water levels in these ponds fluctuate with 

groundwater levels.   

Two surface water ditches are located within the previously mined areas.  The ditches collect 

groundwater and surface water and convey flow northward until discharging to ponds on the 

CU Boulder South campus.  The ponds will ultimately overflow into Viele Channel. 
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An earthen levee extends along the south and east boundaries of the CU Boulder South 

campus.  The levee is approximately 7,500 feet long and varies in height, with a maximum 

height of about 14 feet.  The levee was constructed in 1980 and consists primarily of clayey 

sand materials.  The levee was raised in 1998 and certified by FEMA in 2000.  The levee was 

raised again in 2009 based on updated hydraulic modeling and subsequently recertified by 

FEMA (Leonard Rice, 2009).  A pedestrian trail extends along the crest of the levee.  The dry-

side slope is covered with grasses and other vegetation.  The wet-side slope is covered by 

riprap slope protection.  DCD2 extends along the wet-side (i.e., east) toe of the levee.  A 

drainage channel extends along the dry-side (i.e., west) of the levee.  This channel was 

constructed to collect surface water runoff from behind the levee and convey the runoff to an 

outfall at Viele Channel.   

An existing earthen berm (i.e., west berm) is located along the west side of the CU Boulder 

property adjacent to E. Moorhead Circle.  The berm was constructed concurrent with 

previous mining operations on the site.  The berm ranges from 10 to 20 feet high and 

contains moderately dense tree growth on both sides of the berm.  A pedestrian trail extends 

along the crest of the berm.   

CU Boulder South campus contains wetlands near drainage ditches, irrigation ditches and 

laterals, and in unreclaimed mining ponds.  ULTO habitat and populations occur near 

drainage ditches predominantly on the dry-side of the levee embankment near the east 

portion of the CU Boulder South campus and along irrigation ditches. 

In September 2021, the City annexed CU Boulder South campus as part of negotiations to 

provide community benefits, including flood protection.  As part of the annexation agreement, 

the parties agreed to the following land uses for the CU Boulder South campus:  

¶ Open Space - Other (OS-O):  This area generally corresponds with the regulatory 

500-year floodplain on the east portion of the CU Boulder South campus 

(approximately 119 acres).  This land will remain undeveloped and be used for 

floodplain functionality, riparian connectivity to the SBC riparian corridor, and open 

space.  A large-scale ecological restoration of this area will  be performed as part of 

the Project.  The ecological restoration will include environmental mitigation needed 

to permit and construct the Project. 

¶ Public (PUB):  This area is located on the west portion of the CU Boulder South 

campus (approximately 129 acres).  This land will be developed in the future as part 

of development of the CU Boulder South campus. 

¶ Park, Urban, and Other (PK-U/O):  This area is located on the north portion of the CU 

Boulder South campus (approximately 60 acres).  This land will be used for Project 
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flood mitigation facilities.  CU may install facilities for active and passive 

recreational uses in the future as long as they do not impact the functionality of the 

flood mitigation facilities.     

A plan of CU Boulder South campus land use designations is presented on Figure 3.3.   

3.3 Open Space and Mountain Parks 

OSMP property is located on both sides of US36, west of SBC and east of the CU Boulder 

South campus.  The OSMP property is located within the SBC State Natural Area and contains 

extensive wetlands and federally listed Threatened and Endangered (T&E) species habitat for 

the Prebleôs meadow jumping mouse (PMJM) and ULTO.  The SBC State Natural Area was 

designated by the state of Colorado in 2000 in recognition of the high-quality habitat and plant 

communities.  The OSMP property is also used for cattle grazing seasonally, and portions are 

irrigated for hay production.  Numerous irrigation ditches and small drainage channels extend 

through the OSMP property, including DCD2.   

A gravel pedestrian trail extends north-south through OSMP property on both sides of US36 

and experiences significant use from the public.   

3.4 Colorado Department of Transportation  

The CDOT Right-of-Way (ROW) extends parallel to and on both sides of US36.  A small 

drainage ditch is located in the south ROW along the south shoulder of the road.  The 

drainage ditch collects surface water runoff from east-bound lanes on US36.  A concrete 

multi-use trail is also located in the south ROW.  The multi-use trail experiences significant 

use from the public.  Additionally, multiple buried utilities are located throughout the ROW.  

A series of culverts extend beneath US36.  These include dual 4-foot by 10-foot reinforced 

concrete box culverts (RCBC) that function as a wildlife crossing, a 4-foot by 6-foot RCBC 

to convey DCD2 flows, three 60-inch-diameter reinforced concrete pipes (RCP) to convey 

Viele Channel flows, and multiple smaller RCPs to convey local drainage.   

SBC flows under US36 through a multi-span bridge.  The bridge was widened in 2014 as 

part of the US36 widening project.  The bridge has three spans that total approximately 115 

feet, with a row of concrete bridge piers on each creek bank about 47 feet apart.  The 

concrete multi-use trail extends below the bridge to the west of SBC.   
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3.5 South Boulder Creek 

SBC is a major drainageway that flows from its headwaters in the mountains through 

Eldorado Canyon and subsequently southeast of the City before discharging to Boulder 

Creek.  The SBC watershed encompasses approximately 136 square miles.  Flow in SBC is 

from a combination of groundwater, precipitation runoff, releases from Gross Reservoir, and 

snowmelt.  Gross Reservoir is located on SBC upstream of Eldorado Canyon and is a water 

supply reservoir owned and operated by Denver Water.  No reservoir volume is allocated for 

flood control in Gross Reservoir, but the reservoir provides significant temporary flood 

storage above the spillway crest.  Approximately 90 square miles of the SBC watershed is 

located upstream of Gross Reservoir. 

SBC generally flows northward east of the Project facilities and consists of a relatively 

straight, alluvial stream channel.  The right overbank is significantly higher than the channel 

and is not expected to be overtopped during extreme flood events.  The left overbank is lower 

and is overtopped during both routine and extreme flood events.   

During floods that overtop the left bank of SBC, the US36 embankment directs flood waters 

north and west to a low point located at the northwest corner of the CU Boulder South 

campus near US36 and Table Mesa Drive.  Flood waters pond in this area then overtop US36 

and extensively flood a portion of the City known as the West Valley.  The West Valley 

generally follows the alignment of Foothills Parkway and consists of a mixture of residential 

and commercial structures.  Flooding of the West Valley occurred in 1938, 1950, 1969, and 

2013.  The 2013 flood event on SBC was estimated to be between about a 75- to 100-year 

event (Wright Water Engineers, 2014).   

3.6 Viele Channel 

Viele Channel generally flows across the Project site from west to east.  Viele Channel 

extends through the northwest portion of the CU Boulder South campus and through the west 

edge of OSMP property, north of US36.  In this reach, Viele Channel consists of a 

trapezoidal channel with thick vegetation.   

Viele Channel is a tributary to SBC and has a basin area of approximately 1 square mile 

upstream of the CU Boulder South campus.  A majority of the Viele Channel watershed consists 

of residential land use.  This channel collects groundwater and surface water runoff.  Flow in 

Viele Channel is conveyed beneath the US36 east-bound on-ramp through three 72-inch 

diameter culverts and subsequently beneath US36 through three 60-inch diameter culverts. 
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3.7 Irrigation Ditches and Laterals 

DCD2 is owned and maintained by the DCD2 Company.  Flows in the ditch are diverted 

from SBC approximately 1.8 miles upstream of the Project site.  DCD2 consists of an earthen 

ditch from the point of diversion through OSMP property to the Project site.  Multiple 

turnout structures are located along this segment of the ditch that facilitate flood irrigation of 

OSMP property south of US36. 

Numerous other irrigation ditches and smaller lateral irrigation channels (laterals) exist to 

distribute water throughout irrigated areas on OSMP.  Based on information from OSMP and 

field observations by RJH, water is supplied to the OSMP fields using flood irrigation by 

placing check dams in irrigation ditches; the farmers control the location and timing of the 

flood irrigation and generally do not keep written records of this process.   

3.8 Subsurface Conditions 

Based on site investigations performed by RJH (RJH, 2019; RJH, 2022b), our interpretation 

of the general subsurface profile at the Project site consists of fill  or alluvium overlying 

bedrock of the Pierre Shale formation.  In general, fill overlies bedrock throughout mined 

portions of the CU Boulder South campus and alluvium overlies bedrock throughout the 

remainder of the Project site.  Additional information regarding the geotechnical site 

conditions is presented in Section 8.   

The SBC alluvial valley begins upstream of the Project site as a relatively narrow mountain 

stream flowing from Eldorado Canyon.  Near the Project site, the alluvial valley generally 

widens until it converges with the Boulder Creek alluvial valley downstream of Baseline 

Road.  The SBC alluvial valley aquifer is an unconfined aquifer that extends throughout 

surficial soils (alluvium and fill) and is perched on the underlying low permeability bedrock.  

The alluvium generally decreases in thickness from upstream to downstream.  The top of 

bedrock beneath the surficial soil appears to form a consistent broad surface that, in some 

locations, decreases in elevation to the west (away from SBC). 

Based on site investigations and groundwater modeling performed by RJH, groundwater 

levels decline toward the north through the aquifer, which generally follows the slope of 

topography and the flow of SBC.  Seasonal groundwater fluctuations are influenced by 

natural conditions through the hydrogeologic cycle (e.g., recharge, evapotranspiration, etc.) 

and irrigation applied to OSMP fields.  Lowest groundwater levels are typically during the 

winter months of November through February.  Highest groundwater levels typically occur 

May through July. 
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SECTION 4 - PROJECT DESCRIPTION 

4.1 General 

The primary Project components include an embankment dam along the north and west 

portion of the CU Boulder South campus, a structural spillway wall on OSMP property along 

the CDOT ROW, an outlet tunnel below US36, detention excavation on the PK-U/O land use 

area, grading and site access modifications, and ecological restoration.  A description of 

primary Project components is provided below and shown on Figure 4.1. 

4.2 Embankment Dam 

The embankment dam will consist of a zoned earthfill embankment with internal filters and 

drains and a barrier wall in the foundation.  The embankment dam will extend along the 

north and west portions of the CU Boulder South campus.  The embankment dam will 

connect to natural high ground consisting of bedrock at the west (left) end and to the spillway 

at the east (right) end.  Key components of the embankment dam will include: 

¶ Earthfill :  The earthfill will consist of a central core and upstream and downstream 

shells.  The central core will have sufficiently low permeability to reduce seepage 

during transient reservoir loading.  The upstream and downstream shells will consist 

of on-site clayey sand, sand, and gravel random fill . 

¶ Internal filter and drains:  Internal filter and drain zones will be included within the 

embankment to safely manage seepage through the embankment fill.  The filter and 

drain zones will consist of specially graded sand and gravel. 

¶ Toe drain:  A toe drain at the base of the downstream slope will collect, convey, and 

distribute seepage.  The volume of seepage will be measured and monitored and then 

conveyed to the exfiltration system, where it will be distributed back to groundwater. 

¶ Barrier wall:  A barrier wall will be included below the embankment dam to manage 

foundation seepage when the reservoir is storing water and will consist of a soil-

bentonite barrier wall below the centerline of the embankment dam alignment.  The 

barrier wall will connect to the embankment dam fill at the ground surface and extend 

into the underlying Pierre Shale bedrock to provide a continuous low-permeable 

seepage barrier along the dam alignment. 

Additional information regarding the embankment design is presented in Section 10. 
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4.3 Spillway 

The spillway will consist of an above-ground concrete wall with below-ground secant piles 

to provide seepage control and structural support.  The embankment dam and spillway wall 

will  collectively comprise the high-hazard, jurisdictional dam.  The spillway will be located 

to the south of the CDOT ROW on property owned by OSMP.  The spillway wil l connect to 

the earthfill embankment at the west (left) end and the US36 embankment at the east (right) 

end.  Key components of the spillway will include: 

¶ Spillway wall:  The spillway wall will consist of a vertical, reinforced concrete wall.  The 

spillway wall will retain flows during flood events up to and including the 100-year event 

and will  convey flows from more extreme flood events over the top of the wall. 

¶ Spillway foundation:  The foundation will be comprised of a row of secant piles 

extending into the bedrock.  The secant pile wall wi ll provide both structural support 

for the spillway wall and seepage control. 

¶ Spillway apron:  The spillway apron will provide energy dissipation for flows overtopping 

the spillway wall and will consist of a reinforced concrete slab with an end sill. 

Additional information regarding the spillway design is presented in Section 11. 

4.4 Groundwater Conveyance System 

The groundwater conveyance system will allow normal groundwater to pass through the spillway 

foundation.  Conveyance of normal groundwater flows is critical to maintaining the existing 

hydrogeologic system and prevent upstream groundwater mounding and downstream groundwater 

decline, which could impact wetlands and critical habitat.  The groundwater conveyance system 

will consist of facilities for collecting, conveying, and distributing groundwater.  Key components 

of the groundwater conveyance system will  consist of: 

¶ Collection:  Groundwater will be collected upstream of the spillway in a collection 

trench using slotted pipes and permeable backfill.  

¶ Conveyance:  Groundwater will be conveyed from the upstream side of the spillway 

to the downstream side in a connector pipe.  Gates will be installed that can be 

manually adjusted to control the volume of flow from the collection pipes and 

through the connector pipes. 

¶ Distribution:  Groundwater will be distributed downstream of the spillway using a 

distribution trench consisting of slotted pipes and permeable backfill. 
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Additional information regarding the groundwater conveyance system design is presented in 

Section 12. 

4.5 Outlet Works 

The lower portion of the reservoir pool will not freely drain back to SBC.  An outlet works will 

be required to meet SEO dam safety requirements and to allow the entire reservoir to be drained 

to meet water rights requirements.  The outlet works will extend from the detention excavation to 

Viele Channel north of US36.  Key components of the outlet works will include: 

¶ Intake Structure:  The intake structure will consist of a reinforced concrete riser 

structure located at the upstream toe of the detention excavation.  The front, top, and 

sides of the structure will be open and include steel trashracks.    

¶ Conduit:  The conduit will consist of a 60-inch diameter steel pipe located within a 96-

inch diameter carrier pipe.  The portion of pipe upstream of US36 will be installed in an 

open excavation and encased in reinforced concrete and tunneling will be performed to 

install the pipe below US36.   

¶ Outlet Structure:  The outlet structure will consist of reinforced concrete, baffled 

outlet structure at the downstream end of the outlet works conduit.  The outlet 

structure wil l discharge to Viele Channel.  Riprap will be installed in Viele Channel 

in the vicinity of the outlet structure for erosion protection.  

Additional information regarding the outlet works design is presented in Section 13. 

4.6 Site Drainage  

Several natural drainages and irrigation ditches flow through the Project site.  The Project 

facilities will impact DCD2, US36 wildlife crossing, and site drainage below US36.  

Modifications to existing facilities will be required to maintain site drainage and historic 

irrigation operations at the site.  Key components of the site drainage and irrigation facilities 

modifications will include: 

¶ DCD2:  The spillway alignment intersects DCD2.  The existing reinforced box 

culvert below US36 will be extended to the face of the spillway wall.  This will  

accommodate future operation of the ditch without obstruction from the Project.   

¶ Wildli fe Crossing:  The spillway alignment is located approximately 75 feet upstream 

of the face of the wildlife crossing.  The wildlife crossing will be extended to the face 

of the spillway wall to facilitate continued wildlife access.   
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¶ US36 Culverts:  The OSMP property south of US36 drains through a series of 

culverts below US36.  These culverts include the US36 wildlife crossing and DCD2 

crossing discussed above and multiple smaller culverts.  The spillway alignment is 

located approximately 65 feet upstream of the face of these culverts.  Small low-flow 

openings will be installed in the spillway wall directly upstream of each smaller 

culvert and will convey irrigation flows and runoff from small events.  The larger 

culverts for the wildlife crossing and DCD2 will be extended to the face of the 

spillway wall.   

Additional information regarding site drainage and irrigation facilities is presented in Section 14. 

4.7 Site Grading and Access 

Site grading and site access modifications will be required to support the Project facilities 

discussed in the preceding sections and to meet Project design criteria.  Key components of 

the site grading and access modifications will include: 

¶ Detention Excavation:  Between approximately 73 to 105 acre-feet (ac-ft) of 

detention storage is needed to meet hydraulic and floodplain design criteria.  The 

detention storage will be achieved by excavation on the northern portion of the CU 

Boulder property.  A barrier wall wi ll be installed along the perimeter of the detention 

excavation to maintain design capacity for flood mitigation. 

¶ South Loop Drive Modifications:  The embankment dam will extend across South 

Loop Drive.  An earthen roadway ramp will be constructed to provide access for 

South Loop Drive over the earthen dam following construction.  The design elevation 

for grading the earthen roadway ramp south of the embankment dam will be set at the 

500-year water surface elevation, and the south end of the ramp will terminate at 

existing ground on the CU Boulder PUB land use area.   

¶ Multi -Use Trail Modifications:  The alignment of the spillway connection to US36 

extends across the existing multi-use trail.  An earthfill ramp will be placed along 

both sides of the spillway wall at this location to accommodate the multi -use trail.   

¶ Levee Removal:  Existing levee will be partially removed to connect existing ground 

on both sides of the levee. 

¶ Miscellaneous Site Grading:  Miscellaneous site grading will be required to promote site 

drainage to SBC, Viele Channel, US36 culverts, and the detention excavation.   

¶ Access Roads:  Access will be required to inspect and maintain Project facilities.  

Gravel access roads will  be included in the future stages of design where needed.  
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Additional information regarding the site grading and access design is presented in Section 15. 

4.8 Ecological Mitigation and Restoration 

Construction of Project facilities will impact jurisdictional and non-jurisdictional wetlands 

and T&E species habitat for the PMJM and ULTO.  The Project is also anticipated to impact 

mesic tallgrass prairie, uplands, and northern leopard frog habitat.  Impacts to regulated 

environmental resources will be mitigated by constructing new areas of wetlands and critical 

habitats for PMJM and ULTO.  The mitigation will be constructed on-site in the OS-O 

portion of the CU Boulder South campus and will be performed in conjunction with a larger 

ecological restoration and conservation of this area.  The new wetlands and critical habitat 

will be graded and revegetated to facilitate suitable habitat.  The goals of the environmental 

mitigation and ecological restoration include: 

¶ Removal of the existing levee embankment to reconnect the OS-O area to the SBC 

floodplain and riparian corridor. 

¶ Development of new wetlands while maintaining current wetlands in the OS-O area. 

¶ Development of new T&E habitat while sustaining current T&E habitat conditions in 

the OS-O area.   

Concepts for environmental mitigation and ecological restoration have not been developed 

for the preliminary design.   
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SECTION 5 - DATA COLLECTION 

5.1 General 

Various types of data collection wil l be required throughout the Project to advance the 

design.  During the preliminary design, the RJH Team performed topographic surveying, a 

subsurface utility engineering investigation, a geotechnical investigation program, and 

environmental surveys.  A description of data collection performed is provided below. 

5.2 Topographic Survey 

Flatirons performed topographic surveying in the winter of 2018 to develop a base map for 

the Project site.  Topographic surveying was performed using a combination of aerial survey 

equipment and conventional (i.e., field) survey equipment.  As work on the Project was being 

advanced, a discrepancy was identified in the survey data for the OSMP property south of 

US36.  Flatirons resurveyed this area in November 2021 using conventional survey 

equipment and updated the base mapping.  The limits of the 2018 and 2021 survey are 

presented on Figure 5.1.   

Borings and monitoring wells from the Phase II geotechnical investigations were surveyed by 

Flatirons in June 2020 and October 2021.  The locations of test pit investigations were 

recorded by RJH in August 2021 using a handheld Global Positioning System (GPS) device, 

and the ground surface elevations were estimated from the Flatirons topographic survey.   

5.3 Subsurface Utility Engineering Investigation 

Colorado Revised Statutes, Title 9, Article 1.5 (CRS 9-1.5) (Colorado State Legislature, 

2018) requires SUE for any project with subsurface excavations.  A SUE investigation was 

performed by SAM.  SUE is typically performed in two phases to achieve the required level 

of quality.  The quality level (QL) is described in the American Society of Civil Engineers 

(ASCE) 38-02, Standard Guideline for the Collection and Depiction of Existing Subsurface 

Util ity Data (ASCE, 2002), and is summarized as follows.   

¶ QL-D:  Information comes solely from existing utility records and as-built drawings. 

¶ QL-C:  Involves surveying visible utility facil ities, such as manholes, valve boxes, 

posts, etc., and correlating this information with existing utility records (QL-D).   
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¶ QL-B:  Involves the use of surface geophysical techniques to determine the existence 

and horizontal position of underground utilities.  This information may be sufficient 

to accomplish preliminary engineering goals. 

¶ QL-A:  Involves the use of nondestructive digging equipment at discrete, critical 

points to determine the precise horizontal and vertical position of underground 

utilities, as well as the type, size, condition, material, and other characteristics.  This 

activity is called "locatingò and is appropriate for developing bid documents.  

A plan of the limits of the SUE survey is presented on Figure 5.2.  The QL-D, QL-C, and 

QL-B work was performed in late 2021.  The QL-A fieldwork is in progress.  The Project 

base map was updated to include the QL-B SUE information.  Results of the QL-B SUE 

investigation are presented on plan drawings.  This information will be updated in the next 

phase of design when the QL-A survey is complete.   

5.4 Geotechnical Investigations 

RJH performed geotechnical investigations to obtain subsurface data needed to advance the 

Project design.  The investigation was performed in two phases between 2018 and 2021.  

Objectives of the geotechnical investigation included: 

¶ Advancing the generalized understanding of geologic, geotechnical, and 

hydrogeological conditions at and around the site. 

¶ Evaluating foundation conditions along the alignment of the spillway, outlet works 

tunnel, soil-bentonite barrier wall, and embankment. 

¶ Evaluating available on-site borrow materials. 

The geotechnical investigation included the following components: 

¶ Performing geological mapping. 

¶ Drilling 44 borings at the Project site and in the SBC alluvial valley upstream and 

downstream of the Project site.  Installing monitoring wells with data logging 

piezometers in 37 of the borings and installing data-logging piezometers in five 

monitoring wells owned by OSMP to provide long-term monitoring of groundwater 

levels.   

¶ Installing datalogging piezometers in three stilling wells to monitor surface water levels. 

¶ Performing a geophysical survey near the spillway alignment to identify the top of 

bedrock, confirm the presence of any paleochannels, and provide data to support 
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boring locations.  The geophysical investigation was performed by Collier 

Geophysics, LLC (Collier).  

¶ Excavating 5 test pits to evaluate onsite borrow materials.   

¶ Performing hydraulic conductivity tests in surficial soil and bedrock and water 

pressure (Packer) tests in bedrock. 

¶ Performing laboratory testing on collected subsurface materials.   

A summary of data collected, and laboratory test results is presented in the Phase I 

Geotechnical Report - South Boulder Creek Regional Detention (RJH, 2019) and Phase II 

Geotechnical Report - South Boulder Creek Regional Detention (RJH, 2022b).  Additional 

geotechnical investigations may be performed in subsequent stages of Project development 

as appropriate to advance the design. 

Additional information regarding the geotechnical site conditions is presented in Section 8. 

5.5 Environmental Investigations 

5.5.1 General 

Construction of Project facilities will impact wetlands and T&E species habitat for the 

PMJM and ULTO.  These impacts will require obtaining environmental permits that are 

presented in Section 7 and Section 16.  Environmental investigations performed to support 

environmental permitting included: 

¶ Wetland survey 

¶ ULTO surveys 

¶ Cultural resource evaluation 

A description of the environmental investigations is provided below.  A composite 

environmental resources map was developed by CORVUS for the Project area, which is 

presented on Figure 5.3.  The data presented on Figure 5.3 are based on field surveys 

performed by CORVUS in 2019, 2020, and 2021, ULTO data from the City and Colorado 

Natural Heritage Program, wetland data from OSMP, and PMJM habitat data from the City 

and USFWS. 
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5.5.2 Wetland and T&E Surveys 

CORVUS performed an environmental survey between September 11 and October 14, 2019, 

that included identifying channels, ditches, open water, and wetlands and assessing potential 

habitat for T&E species listed under the Endangered Species Act (ESA).  The wetland 

determination followed methods described in the USACE Wetlands Delineation Manual 

(USACE, 1987) and, where applicable, in accordance with the methods identified in the 

Regional Supplement to the USACE Wetland Delineation Manual:  Great Plains Region 

(Supplement) (USACE, 2010).  The survey limits generally included the US36 corridor, 

OSMP, and CU Boulder South Campus OS-O and P-U/O land use areas.  CU Boulder 

independently retained CORVUS to perform a similar environmental survey of the CU 

Boulder South Campus PUB area. 

5.5.3 ULTO Surveys 

CORVUS performed field surveys to assess existing populations or individuals of ULTO in 

and near the Project site.  Three years of ULTO surveys are required for Formal Consultation 

with the USFWS.  USFWS requires surveys be performed during the flowering period, which 

is generally July 20 to August 31.  ULTO surveys were completed during the 2020 and 2021 

ULTO flowering seasons, and represent survey years 1 and 2, respectively.  The 2020 ULTO 

survey was performed between August 10 and 18, 2020, and the 2021 ULTO survey was 

performed between August 9 and 11, 2021. 

ULTO habitat was identified based on the presence of common associated species identified 

in the USFWS Interim Survey Requirements for Spiranthes diluvialis (USFWS, 1992).  GPS 

coordinates were collected for each plant occurrence.  If multiple plants occurred within the 

same square-foot, a note of the number of individuals was made.  For populations of about 

500 or more individual ULTO plants, the plants were counted, and the boundary of the 

population was mapped.   

ULTO plants in the Project site can be separated into two populations based on hydrology and 

plant community.  Population 1 is located on the dry-side of the levee embankment on CU 

Boulder South campus, and population 2 is located on the wet-side of the levee embankment 

on CU Boulder South campus and OSMP within the SBC floodplain.  In population 1, ULTO 

habitat generally occurred in a narrow band of wetlands that is bordered by uplands on both 

sides.  No individual ULTO were observed within the wetlands along the west side of CU 

Boulder South campus; wetlands in this area generally lacked commonly associated species 

and were overall drier or transitioning to uplands.  In population 2, most individual ULTO 
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were observed south of US36, and this ULTO population connects with populations outside the 

Project site that are monitored by OSMP. 

5.5.4 Cultural Resources 

PaleoWest completed a Class I cultural resources evaluation of the Project site.  The 

objectives of the Class I cultural resources evaluation included: 

¶ Identifying the number and types of cultural resources that are or might be present 

within a 1-mile radius around the Project site. 

¶ Providing a summary of the Projectôs potential to impact historic resources. 

¶ Providing preliminary recommendations regarding any additional cultural resources 

work. 

A representative of the Office of Archaeology and Historic Preservation performed an 

official file search of COMPASS for a 1-mile radius around the Project site.  PaleoWest 

reviewed topographic maps and consulted Bureau of Land Management General Land Office 

records to identify any Historic-period resources. 

PaleoWest identified one historic property that has been previously recorded within the 1-mile 

radius of the Project site and recommends completing a Class III cultural resources inventory.  

Pending results of a Class III inventory, the preliminary impact assessment is that the Project will  

have no adverse effect on the historic property, and the proposed Project will  benefit  the historic 

property by protecting it against future flood damage. 
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SECTION 6 - SUPPLEMENTAL REPORTS 

6.1 General  

RJH collected and evaluated geotechnical and groundwater data and performed hydrologic 

and groundwater modeling prior to and concurrent with development of the preliminary 

design presented in this Report.  The methodology, results, and conclusions of this data 

collection and modeling is presented in the supplemental reports summarized below.   

6.2 Hydrology Report 

RJH performed hydrologic analyses based on SEO guidelines to develop the IDF, which is 

the regulatory flood event used for spillway sizing.  The IDF for an extreme hydrologic 

hazard dam is the Probable Maximum Flood (PMF).  The IDF is documented in the South 

Boulder Creek Regional Detention Project Hydrology Report (RJH, 2022a).  The controlling 

IDF event is a 6-hour, Local Storm located on the portion of the watershed downstream of 

Gross Reservoir.  The IDF has a peak flow of 83,282 cubic feet per second (cfs) and an 

inflow volume of 23,792 ac-ft.  

6.3 Phase I and Phase II Geotechnical Data Reports 

As previously discussed in Section 5, RJH performed a geotechnical investigation program to 

obtain subsurface data needed to advance the Project design.  A summary of data collected, 

and laboratory test results is presented in the Phase I Geotechnical Report - South Boulder 

Creek Regional Detention (RJH, 2019) and Phase II Geotechnical Report - South Boulder 

Creek Regional Detention (RJH, 2022b).  Additional information regarding the geotechnical 

site conditions is presented in Section 8. 

6.4 Baseline Groundwater Model Report 

Construction of Project facilities could impact natural groundwater conditions in the vicinity 

of the Project.  RJH developed a baseline groundwater model (Baseline Model) to support 

the evaluation of Project impacts and to support the design of the facilities to mitigate the 

impacts.  Groundwater modeling was performed using the MODFLOW-USG software 

program.  The modeled area included SBC and the adjacent alluvial valley from about 

Highway 93 at the upstream end to Baseline Road at the downstream end.  
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The Baseline Model was developed using Project-specific data, publicly available data, and 

information provided by OSMP.  This model simulated conditions from November 2018 

through October 2019 and was calibrated to data collected by RJH from 32 monitoring wells 

throughout the Project site.  The Baseline Model had an unweighted scaled root mean 

squared (RMS) error of 1.1 percent following calibration, which is within the industry-

acceptable limit of less than 5 percent.   

The groundwater conditions simulated by the Baseline Model are consistent with RJHôs 

conceptualization of the hydrogeologic system of the Project site and vicinity, and key 

takeaways from the Baseline Model include: 

¶ Groundwater levels decline toward the north through the aquifer, which generally 

follows the slope of topography and flow of SBC. 

¶ Total flows through the model vary from about 350,000 cubic feet per day (ft3/d) 

during the summer to 115,000 ft3/d during the winter.   

o Predominant components of the hydrogeologic system are inflow from recharge 

(both irrigation and natural precipitation), outflow from evapotranspiration, and 

interactions with surface water in SBC.  These predominant components account 

for flows that range from 65 to 82 percent of the total f low through the modeled 

area throughout the year. 

o Groundwater flow is a relatively minor contributor to the overall flows through 

the hydrogeologic system within the modeled area.  Groundwater flow rates of 

approximately 6,000 ft3 are predicted to occur beneath US36, which is 

predominantly occurring through alluvium in the western portion of the Project 

site.  The total groundwater flow is relatively stable seasonally and ranges from 

approximately 2 percent of the hydrogeologic system in the summer to 5 percent 

in the winter.  

¶ The alluvial aquifer does not appear to be strongly gaining water from or strongly 

losing water to SBC. 

¶ Seasonal groundwater fluctuations are influenced by natural conditions through the 

hydrogeologic cycle and irrigation applied to OSMP fields. 

¶ The model was most sensitive to irrigation recharge rates and the alluvium specific yield. 

In RJHôs opinion, the Baseline Model provides a reasonable approximation of the existing 

groundwater system in the Project vicinity and is suitable for evaluating impacts that Project 

components could have on the hydrogeologic system and for supporting design of Project 

features that mitigate impacts to the existing groundwater system.  The baseline groundwater 
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modeling is presented in the Baseline Groundwater Model Report - South Boulder Creek 

Regional Detention (RJH, 2021). 
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SECTION 7 - BASIS OF DESIGN 

7.1 General 

The Project will be advanced based on regulatory criteria, City and MHFD criteria and 

preferences, and stakeholder criteria and preferences.  RJH identified a list of anticipated 

regulatory agencies and key project stakeholders and based on our current understanding of their 

criteria and preferences, we developed preliminary design criteria that has been used to develop 

this preliminary design.  The design criteria will be refined as the Project progresses based on 

continuing discussions with the regulatory agencies and Project stakeholders.     

7.2 Regulatory Agencies 

We anticipate that approval of the Project will be required from the following regulatory agencies: 

¶ SEO:  The embankment dam, spillway, and appurtenances wil l collectively comprise a 

jurisdictional dam that will be regulated by the SEO.  The dam is expected to be 

classified as a high hazard potential dam and an extreme hydrologic hazard dam.  The 

dam will also retain stormwater runoff, and the runoff will need to be released within a 

specified time to meet SEO water rightôs requirements.   

¶ CDOT:  A portion of the spillway and a portion of the outlet works will be located 

within the CDOT ROW along US36 and obtaining a CDOT access permit will be 

required. 

¶ USACE:  A Clean Water Act Section 404 permit will be needed to construct the project 

because of anticipated impacts to wetlands.  The USACE will be the lead regulatory 

agency for this permit.  Other agencies that may consult with the USACE regarding the 

404-permit application are expected to include the USFWS, Environmental Protection 

Agency, Colorado Department of Public Health and Environment (CDPHE), and the 

State Historical Presentation Office (SHPO).   

¶ FEMA:  The Project will  impact the regulatory floodplain along SBC and will require 

obtaining a Conditional Letter of Map Revision from the FEMA prior to construction.   

¶ City:  A City Wetland Permit will be required to construct the Project because of 

anticipated impacts to wetlands.  This permit will be obtained from the City Planning 

Department.  Other City permits are anticipated to be required to construct the 

Project, but these will be obtained by the contractor.   
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7.3 Project Stakeholders 

We anticipate the following stakeholders will provide input regarding design preferences and 

criteria: 

¶ OSMP:  A portion of the spillway and outlet works, and groundwater monitoring 

wells (instrumentation) will be constructed on OSMP property.  Open Space Board of 

Trustees (OSBT) will need to issue a land disposal prior to construction.  OSBT and 

OSMP staff will be provided an opportunity to review 30-, 60-, and 90-percent design 

submittals, and OSMP staff wil l provide input for development of the environmental 

and ecological restoration.   

¶ CU Boulder:  The dam embankment, detention excavation, levee removal, ecological 

restoration, and portions of the spillway and outlet works will be constructed on CU 

Boulder property.  CU Boulder and the City authorized an annexation agreement in 

2021, and relevant terms of that agreement will need to be incorporated into the 

design.  CU staff will be provided an opportunity to review 30-, 60-, and 90-percent 

design submittals and provide comments. 

¶ CDOT:  Construction of the portion of the spillway that will connect to the US36 

embankment will need to be coordinated with CDOT.  The spillway will protect 

US36 from overtopping from flood events up to and including the 100-year event. 

¶ MHFD:  MHFD will be a funding partner for construction and has been actively 

involved in development of the concept and preliminary designs for the Project.  

MHFD staff will review 30-, 60-, and 90-percent design submittals and provide input 

for development of the future phases of design.   

¶ DCD2 Company:  DCD2 is owned and maintained by the DCD2 Company.  The 

spillway will intersect DCD2 approximately 75 feet upstream of US36, and ditch 

facilities at the spillway will need to be modified to accommodate the Project.   

7.4 State Regulatory Status 

7.4.1 Jurisdictional Size 

The SEO has established criteria to identify the jurisdictional size of a dam.  Jurisdictional 

dams in Colorado are regulated and subjected to the authority of the SEO.  In accordance 

with Rule 4.6.1 of the SEO Rules and Regulations, a jurisdictional size dam must meet one 

of the following criteria: 

¶ Reservoir with a capacity that exceeds 100 ac-ft. 
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¶ Reservoir surface area that exceeds 20 acres at the maximum normal pool. 

¶ Jurisdictional height that exceeds 10 feet. 

The dam for this Project meets all of those criteria and will  be regulated by the SEO as a 

jurisdictional dam.  Additional information regarding RJHôs evaluation of the jurisdictional 

size is presented in Appendix A.   

7.4.2 Hazard Classification 

The SEO has established criteria to determine the hazard classification of a dam.  The hazard 

classification establishes all of the SEOôs design criteria for a dam except for spillway sizing.  

The hazard classification is identified based on potential consequences associated with a 

failure of the dam with the water surface elevation up to the spillway crest (i.e., sunny-day 

failure).  A high hazard dam is a dam for which loss of human life is expected to result from 

a dam failure.  RJH performed a simulated sunny-day dam breach evaluation in general 

accordance with the SEOôs Guidelines for Dam Breach Analyses (SEO, 2020a).  Based on 

this evaluation, loss of life is expected to result from a dam failure, and we anticipate the dam 

will have a high hazard classification.  Additional information regarding RJHôs evaluation of 

the hazard classification is presented in Appendix A.   

7.4.3 Hydrologic Hazard Classification 

The SEO has established criteria to determine the hydrologic hazard classification of a dam.  

The hydrologic hazard classification establishes design criteria for spillway sizing.  The 

hydrologic hazard classification is identified based on potential consequences associated with 

an overtopping failure of the dam during the IDF.  For preliminary design, we assumed the 

dam will  have an extreme hydrologic hazard classification based on the proximity of the dam 

to US36, the Tantra neighborhood, and the Manhattan Circle office complex.  Even if the 

IDF was reduced, the length of the spillway will  not change because the length is fixed based 

on the criteria of reducing impacts to OSMP property.  However, a reduction in the IDF may 

result in a minor decrease to the height of the dam embankment.  Additional analyses may be 

performed in the next stage of design to confirm the hydrologic hazard classification.   



Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

28 

7.5 Design Criteria 

7.5.1 Regulatory Criteria 

7.5.1.1 Water Rights 

Water rights requirements for a legally-protected stormwater detention facility were 

identified from Colorado Revised Statute 37-92-602 (Colorado State Legislature, 2015).  The 

detention facility must: 

¶ Continuously release or infiltrate at least 97 percent of all the runoff from a rainfall 

event that is less than or equal to a 5-year storm within 72 hours after the end of the 

event. 

¶ Continuously release or infiltrate at least 99 percent of the runoff within 120 hours 

after the end of events greater than a 5-year storm. 

¶ Operate passively and not subject the stormwater runoff to any active treatment process. 

7.5.1.2 Dam Safety  

Dam safety requirements were identified based on requirements from the SEO Rules and 

Regulations for Dam Safety and Dam Construction (Rules and Regulations) (SEO, 2020a). 

Embankment: 

¶ The minimum embankment freeboard should meet both normal and residual 

freeboard requirements: 

o Normal freeboard should be 3 feet or the wave setup and runup generated by a 

sustained 100 miles per hour wind, whichever is greater.  Normal freeboard is the 

vertical distance between the top of the spillway and crest of the embankment 

dam. 

o Residual freeboard should be 1 foot or the wave setup and runup generated by a 

10 percent annual exceedance probability wind, whichever is greater.  Residual 

freeboard is the vertical distance between the routed IDF elevation and the crest 

of the embankment dam.  

¶ The crest width must be equal to the jurisdictional height of the dam in feet divided 

by 5, plus 10 feet.   
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¶ The crest should have a camber sufficient to maintain the design freeboard based on 

the anticipated magnitude of crest settlement.  Camber should be no less than 0.5 foot 

or the predicted deformation (settlement) of the dam, whichever is greater. 

¶ Roads located on the dam crest should have appropriate surfacing material to resist 

rutting and provide adequate traction in wet conditions.   

¶ Embankment dams must be designed to have stable slopes during construction and 

under all  conditions of reservoir operation with factors of safety based on EM-1110-

2-1902 (USACE, 2003b).  Table 7.1 presents the required minimum safety factors for 

various load conditions. 

TABLE 7.1 

REQUIRED MINIMUM SAFETY FACTORS 
 

Load Condition (Analyzed Slope) Minimum 

Steady State Seepage - Empty Reservoir (Upstream and Downstream) 1.5 

Steady State Seepage - Full Reservoir (Upstream and Downstream) 1.4 

End of Construction (Upstream and Downstream) 1.3 

Rapid Drawdown (Upstream) 1.1-1.3 

¶ The SEO Rules and Regulations and documents referenced therein do not discuss 

embankment stabilit y requirements for a transient loading condition, which will  be 

more appropriate for a dry flood control dam.  Transient loading criteria for 

embankment stability will  be discussed with the SEO in the future stages of design. 

¶ Steady state seepage loading conditions for both a full reservoir and an empty 

reservoir were evaluated for preliminary design to be conservative.  Embankment 

stability under transient loading conditions will be evaluated in the final design to 

evaluate how the embankment will  respond to short-term hydraulic loads associated 

with temporary flood retention. 

¶ The SEO Rules and Regulations and documents referenced therein do not specify a 

recurrence interval to be used for seismic loading.  A 5,000-year return frequency was 

used as the design seismic load. 

¶ Upstream slope protection for wave action is required on the entire upstream slope 

unless lesser coverage can be justified based on engineering analysis and reservoir 

operational criteria.  The upstream slope protection should consist of riprap or a 

hardened lining (e.g., soil cement), but geosynthetics may be accepted by the SEO on 

a case-by-case basis.  The reservoir will typically be dry, so continual wave erosion is 

not a significant concern.  Therefore, justification wil l be developed for lesser 

coverage during the next phase of design. 
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¶ A minimum corridor of 50 feet should be provided beyond the downstream toe of the 

dam for maintenance.  For this Project, the 50-foot offset will be from the CU 

Boulder South campus property boundary, the top of bank of Viele Channel, or the 

existing CDOT ROW, whichever is more restrictive.   

Spillway: 

¶ The spillway should be capable of conveying the IDF, which is based on the PMF for 

an extreme hydrologic hazard dam.  The IDF is documented in the South Boulder 

Creek Regional Detention Project Hydrology Report (RJH, 2022a).  

¶ The starting water surface elevation when routing the IDF should be the spillway 

crest unless a lower water surface elevation can be justified.  We have considered the 

reservoir is empty at the beginning of the IDF because the reservoir will typically be 

dry.    

¶ The spillway wall will retain the maximum normal pool and will be considered part 

of the dam.  The spillway wall will be designed to meet structural requirements for 

concrete dams based on Gravity Dam Design EM-1110-2-2200 (USACE, 2003a) 

¶ A minimum 5-foot crest width is required for a concrete dam.  We will coordinate 

with the SEO to obtain a variance for this criterion in the next stage of design because 

a smaller width will be structurally adequate for this Project.  

¶ Ice loading will not be considered because the reservoir will drain in less than 120 

hours, and development of an ice cap is extremely unlikely.    

¶ Spillway discharges for flows up to the IDF should not cause excessive erosion of the 

abutments and foundation of the spillway.   

Outlet Works: 

¶ The outlet works should be capable of releasing the top 5 feet of reservoir storage in 

five days (SEO, 2020a).  

¶ Intake structures for outlet works should have a trashrack.  

¶ The SEO Guidelines for Project Review (SEO, 2020b) provides recommendations for 

trashrack velocity and requirements for structural design.  The maximum velocity for 

trashracks accessible for cleaning is 5 feet per second (fps), assuming 50 percent of 

the open area is clogged with debris.   

¶ The required structural loading condition for structural design is 20 feet of differential 

hydraulic head.   
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¶ The outlet works should have an energy dissipator to prevent undesirable erosion or 

damage of nearby structures.  The energy dissipator should be based on the IDF 

reservoir water surface elevation.   

Instrumentation: 

The SEO Rules and Regulations require that high hazard dams have the following 

instrumentation:  

¶ Station markers every 100 feet on the crest of the dam. 

¶ Survey monuments along the dam and top of the spillway.  

¶ Piezometers to monitor the phreatic surface within the dam. 

¶ Seepage measuring devices.   

¶ Staff gage in close proximity to the outlet works with the zero mark of the gage 

corresponding to the invert elevation of the outlet works.   

7.5.1.3 Federal 404 Permit  

Requirements and criteria for the Clean Water Act (CWA) 404 permit have not been 

identified yet.  Additional discussions with USACE and USFWS will be required.  

Construction of Project facilities will impact jurisdictional waters of the United States.     

7.5.1.4 City Wetland Permit 

Requirements and criteria for the City wetland permit have not been identified yet.  

Additional discussions with the City Planning department will be required.  We anticipate 

discussions will occur early in the next stage of design.   

7.5.1.5 CDOT Access Permit 

CDOT requirements for the Project were identified based on a letter from CDOT to the City 

dated September 9, 2019, and multiple meetings and discussions between City and CDOT 

staff.  CDOT requirements are: 

¶ The Project cannot impede or reduce CDOTôs ability to control, operate, and maintain 

US36.   
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¶ The spillway substructure may be located within the existing CDOT ROW.  The 

spillway superstructure should generally be located outside of the existing CDOT 

ROW with the following exception: 

o A portion of the spillway superstructure can extend through the existing CDOT 

ROW to connect to the US36 embankment provided it will  not increase the risk of 

flood damage to the US36 embankment and will  not result in the US36 

embankment being classified as a levee by FEMA. 

¶ Impacts to the existing US36 bridge at SBC are not acceptable.  This prohibits a) 

physical modifications to the bridge, b) increases in hydraulic conditions through the 

bridge, and c) increases in scour potential through the bridge. 

7.5.1.6 FEMA Floodplain Permitting 

The Project was advanced during preliminary design based on the regulatory floodplain 

principle of generally not increasing downstream flood extents or depths.  Additional 

discussions with FEMA will be required to identify more specific floodplain regulation 

requirements.  We anticipate discussions will occur early in the next stage of design and will 

include MHFD, the City Floodplain Manager, and Boulder County Floodplain Manager.  The 

Project team needs to identify a preferred modeling approach for the CLOMR prior to 

initiating discussions with FEMA (see Section 9).    

7.5.2 City (Owner) Criteria 

City requirements for the Project were based on requirements identified during preliminary 

design and on-going discussions with the City.   

General 

¶ Project facilities will be visible from US36, CU Boulder South campus, OSMP trails, 

and nearby residences.  Project facilit ies should be aesthetically pleasing and integrate 

into the surrounding infrastructure and landscape. 

¶ The multi-use trail located downstream of the spillway in the CDOT ROW must be 

restored following construction of the Project.  A temporary detour of the multi-use 

trail should be provided during construction.   

¶ The Project will be funded by the City and MHFD.  Reducing costs to the extent 

reasonably practicable without negatively impacting Project operations, safety, or 

design criteria is desirable.   
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¶ Construction will require a detour of the multi-use trail, possibly impact the US36 

east-bound shoulder, and create visual and noise disruptions to nearby residences and 

OSMP users.  Reducing the duration of construction to the extent reasonably 

practicable without negatively impacting Project operations, design criteria, or cost is 

desirable.    

¶ The Project site will be closed to the public during construction for public safety.   

¶ OSMP is a major stakeholder, and there will be both direct and indirect impacts to 

OSMP property.  The City and OSMP have had on-going discussions throughout the 

development of the preliminary design and will continue to have discussions as the 

Project advances.  The 30-percent design has been developed based on a 90-foot-wide 

construction corridor on OSMP property south of US36.  We anticipate discussions 

regarding additional requirements for this corridor will continue. 

Hydraulic and Hydrologic 

¶ Prevent overtopping of US36 from the 100-year flood event.  Both the short-duration, 

high intensity, and long-duration 100-year events should be considered.  Hydrology 

for the 100-year event will  be obtained from the South Boulder Creek 

Climatology/Hydrology Report (HDR, 2007). 

¶ The Project cannot negatively impact existing floodplains at any upstream or 

downstream location for the 100-year flood event. 

¶ Methodology for performing hydraulic modeling and floodplain evaluations will 

generally be consistent with the methodology used to develop the FEMA regulatory 

hydraulic model.  

¶ Viele Channel and other local off-site drainages flow through the site.  Project 

facilities should allow off -site flows to be conveyed through or around the site 

without causing additional upstream or downstream flood impacts along these 

drainages for flood events up to and including the 100-year event.  

¶ The facility should be designed to function with sediment and debris loads that are 

typical with extreme flood events.  

Hydrogeologic 

¶ Convey groundwater through Project facilities in a manner that substantially 

replicates existing flow patterns to prevent upstream groundwater mounding, 

downstream lowering, and potential adverse impacts to existing vegetation.  
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Environmental 

¶ Mitigate wetland and critical habitat impacts by conserving and restoring areas, and 

constructing new wetlands and critical habitat on the OS-O land use area of the CU 

Boulder South campus. 

7.5.3 CU Boulder Requirements 

CU Boulder requirements for the Project were identified based on the annexation agreement 

between the City and CU Boulder and include:  

¶ A minimum of 129 acres of developable area must be provided for future CU 

development.  It may be acceptable to modify the configuration of developable area.   

¶ 60 acres in the PK-U/O land use area has been designated for flood mitigation.  If the 

City does not use the entire 60 acres for flood mitigation, the remaining area will be 

dedicated as open space.   

¶ Removal of a portion or the entirety of the levee is acceptable.   

¶ Access to the site through South Loop Drive must be maintained.  If modifications to 

the road are required, the road should be modified to maintain the existing level of 

service and overall condition, including paved to 24 feet in width.  Future 

enlargement or enhancement of South Loop Drive will be the responsibility of CU.   

¶ Modifications to South Loop Drive should include placing a roadway berm with the 

crest at the 500-year water surface elevation to prevent inundation of the PUB land 

use area during the 500-year flood event. 

¶ Aesthetics for Project facilities facing CU developable area should be coordinated 

with CU. 

¶ Fill on the PUB land use area should be constructed in accordance with the CU 

Design and Construction Standards.  

7.5.4 Dry Creek Ditch No. 2 Company Requirements 

The preliminary design was advanced to accommodate future operations in DCD2 without 

obstruction from the Project and to ensure increases in flow and head through the US36 

culvert will not negatively impact the long-term condition of the culvert.  We anticipate 

discussions with DCD2 Company will  occur early in the next stage of design.   
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SECTION 8 - GEOTECHNICAL SITE CONDITIONS 

8.1 General 

Surficial soils at the Project site consist of fil l and alluvium.  Fill is located along the US36 

embankment within CDOT ROW, in previously mined portions of the CU Boulder South 

campus, and in the levee that generally separates CU Boulder South campus and OSMP 

property.  Fill is generally finer-grained soil than the alluvium, however the fill composition is 

variable and ranges from clayey soil to cobbles and boulders.  We classified soil within the 

SBC alluvial valley as undifferentiated Quaternary age (less than 2.6 million years old) 

alluvium, which generally consists of sand, gravels, cobbles, and boulders.  Bedrock 

throughout the Project site is the Late Cretaceous age (66 to 100.5 million years old) Pierre 

Shale Formation, which is generally clayey shale with some sandstone. 

8.2 Fill 

8.2.1 General 

Three primary areas of fill  were identified: US36 embankment, CU Boulder South campus, 

and levee.  Fill  consisted of a variety of soil types and was commonly a clayey sand with 

some gravel. 

8.2.2 US36 Embankment Fill 

US36 embankment fill was encountered at the ground surface in three borings and ranged 

from 1 to 6 feet in thickness.  The fill consisted of clayey sand with gravel, gravelly lean clay 

with sand, sandy lean clay with gravel, and gravelly fat clay.  Uncorrected Standard 

Penetration Test (SPT) N-values ranged from 11 to 35 and averaged 22.  The N-values were 

generally higher south of the multi-use trail.  The fill was typically dry to moist and soft to 

very stiff.  Liquid limits ranged from 41 to 53 and averaged 46, and plasticity indices ranged 

from 26 to 29 and averaged 27.  The maximum particle size recovered was 1.0 inch.  Pocket 

penetrometer results ranged from 1.0 to 4.0 tons per square foot (tsf), and the vertical 

hydraulic conductivity is about 1x10-7 centimeter per second (cm/s). 

8.2.3 CU Boulder South Campus Fill 

Fill on CU Boulder South campus was encountered in areas previously mined and in the berm 

along the west end of the Project site (west berm).  Fill was generally encountered at the 
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ground surface or below top soil and ranged from 2.0 to 26.0 feet in thickness and was 

underlain by alluvium or bedrock.  The fill consisted of mostly clayey sand with gravel.  

Twenty-one sampler locations encountered refusal (50 blows for less than 6 inches).  At 36 

other sample locations, uncorrected SPT N-values ranged from 1 to 72 and averaged 23.  The 

fill ranged from dry to wet, and very soft to very stiff.  One sample wase nonplastic.  Fifteen 

samples had liquid limits that ranged from 23 to 80 and plasticity indices that ranged from 6 to 

54, with averages of 37 and 17, respectively.  The maximum particle size was recovered in the 

test pits and was 18 inches.  Pocket penetrometer results ranged from 0.25 to 3.0 tsf.  

Horizontal hydraulic conductivity measured from 11 rising head tests ranged from 3.4x10-6 to 

3.6x10-4 cm/s, and the geometric mean was 5.4x10-5 cm/s.  Vertical hydraulic conductivity 

was 2.6x10-5 cm/s for an intact sample of fi ll and 2.0x10-6 cm/s for a sample that was 

remolded to approximately 95 percent of the standard Proctor maximum dry unit weight at 

about 0 to 2 percent above the optimum moisture content.  For samples of intact fill , RJH 

interpreted that the drained strength failure envelope can be represented by a drained friction 

angle of 36 degrees and no cohesion.  The undrained strength failure envelope was interpreted 

to be an undrained friction angle of 17 degrees and undrained cohesion of about 31 pounds 

per square foot.  In two borings, black gravel-sized particles were recovered and consisted of 

oil, grease, and Silica Gel treated-Hexane Extractable (SGT-HEM) material.  The oil and 

grease concentration in two samples was 46,900 and 41,800 milligrams per kilogram (mg/kg), 

and the SGT-HEM material concentration was 12,200 mg/kg. 

There are no records or test data that document the placement of the fill once the mining 

operations were completed.  The fill appears to be non-engineered and material properties are 

variable. 

8.2.4 Levee Fill 

Levee fill was encountered at the ground surface in two borings and ranged from about 6.4 to 

12.6 feet in thickness.  The fill mostly consisted of clayey sand with gravel and sandy lean 

clay and included some processed Pierre Shale.  Alluvium was interpreted below the levee 

fill , and Pierre Shale was encountered below alluvium.  A cluster of insulated electrical wires 

that did not appear to be continuous was encountered in one boring from about 1.0 to 1.5 feet 

below the ground surface.  Six sampler locations encountered refusal (50 blows for less than 

6 inches).  At two other sample locations, uncorrected SPT N-values were 13 and 33.  The 

fill ranged from dry to moist, sands were generally dense to very dense, and clays were stiff 

to very stiff.  For one sample, the liquid limit was 31, and plasticity index was 15.  The 

maximum particle size recovered was 8 inches and were mostly less than 1.5 inches. 
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The levee was designed by Leonard Rice Engineers, Inc. in 1979 and constructed in 1980; it 

was raised in 1998 and again in 2009.  CTL/Thompson, Inc. performed a geotechnical 

investigation and evaluation of the levee from 1997 to 1999 and concluded that the levee met 

FEMA geotechnical requirements for certification in 1998 and 2009; CTL/Thompson, Inc. 

also provided testing and observation of the installation and compaction of engineered fill 

when the levee was raised in 1998 and 2009 (Leonard Rice, 2009).  The levee was certified 

by FEMA in 2000 and recertified after the raise in 2009.   

8.3 Alluvium 

The natural alluvial valley is bounded on the east and west sides by elevated surfaces of 

Pierre Shale.  We interpret that alluvium historically extended throughout much of the CU 

Boulder South campus.  However, much of the alluvium on CU Boulder South campus has 

been removed and replaced with fill, and therefore the current alluvial aquifer is constricted 

around the east side of CU Boulder South campus.   

Al luvium was encountered below portions of fill  west of the levee and at the ground surface 

in areas east of the levee.  Alluvium ranged in thickness from 1.0 to 20.8 feet and was 

underlain by Pierre Shale bedrock.  Alluvium predominantly consisted of a variety of coarse-

grained material.  In several of the borings, cobbles and/or boulders were encountered at or 

near the ground surface or while dril ling.  The amount of cobbles and boulders identified in 

one test pit represent about 30 to 60 percent of the volume.  Samples collected in the test pit 

better represent the coarser material, which was generally a gravel with silt, sand, cobbles, 

and boulders.  The alluvium appears to be a deposit of heterogeneous particles with minor 

amounts of silt or clay.  Coarser or finer layers, either vertically or laterally, were not 

identified.  The shear wave velocity of the alluvium ranged from as low as 800 to 1,500 feet 

per second (fps). 

About 46 percent of the SPT samples encountered refusal (50 blows for less than 6 inches).  

Uncorrected SPT N-values ranged from 7 to 73 and averaged 35.  The alluvium ranged from 

dry to moist above the groundwater table and moist to wet below the groundwater table.  The 

density ranged from loose to very dense.  Four samples were nonplastic.  Nine samples had 

liquid limits that ranged from 20 to 30 and plasticity indices that ranged from 2 to 13, with 

averages of 24 and 6, respectively.  The maximum particle size was recovered in the test pit 

and was 20 inches.  Horizontal hydraulic conductivity measured in 38 rising head and constant 

head tests ranged from 5.6x10-5 to 3.1x10-2 cm/s, and the geometric mean was 5.0x10-4 cm/s. 
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8.4 Pierre Shale 

Bedrock of the Pierre Shale formation was encountered below alluvium and fill  at depths that 

ranged from 3.7 to 32.7 feet below the ground surface.    Pierre Shale bedrock encountered 

near the connection of the dam embankment, and spillway alignments ranged from about 18 

to 21 feet below the ground surface, which is deeper than along the alignments of other 

Project components.  Depth to bedrock was shallowest along the southern portion of the 

detention excavation alignment at about 4 to 7 feet below the ground surface. 

Pierre Shale is generally  a low-permeability clayey shale composed mostly of low to medium 

plasticity fines and is mostly soft to very soft.  Bedrock is generally horizontally bedded and 

is predominantly unfractured.  Generally, throughout the site, Pierre Shale is fresh to slightly 

weathered.  The interpreted top of weathered bedrock had a shear wave velocity of 

approximately 1,100 to 1,500 fps, and the shear wave velocity increased to 4,000 fps within 

the depths explored. 

About 33 percent of the SPT samples encountered refusal (50 blows for less than 6 inches).  

Uncorrected SPT N-values ranged from 14 to 62 and averaged 38.  Recovered samples of 

Pierre Shale were mostly dry to moist.  Liquid limits ranged from 29 to 46 and averaged 37.  

Plasticity indices ranged from 9 to 28 and averaged 19.  Packer test results ranged from 0.1 to 

29 Lugeons (1.0x10-7 to 3.2x10-4 cm/s) and the geometric mean was 0.1 Lugeons (1.8x10-7 

cm/s).  The unconfined compressive strength of 18 rock core samples ranged from 71 to 

1,261 pounds per square inch (psi) and averaged 389 psi.  The unconfined compressive 

strength of tested samples is generally higher along US36, which averaged 624 psi, and is 

generally lower toward the west side of the Project site (i.e., CU Boulder South campus), 

which averaged 153 psi. 

8.5 Groundwater 

During the geotechnical investigation, groundwater was encountered at depths of about 2.0 to 

28.0 feet below the ground surface.  Groundwater was observed in alluvial or fill material, 

and bedrock; and the phreatic surface exists within fill and alluvium.  The elevation of 

groundwater generally declined to the north, which generally follows the slope of topography 

and flow of SBC. 

Monitoring wells in the fill have varied responses to seasonal groundwater fluctuations and 

precipitation, likely because of local heterogeneities within the fill.  Groundwater levels 

measured in the monitoring wells in fill vary up to about 8 feet seasonally.  Groundwater 

levels from the monitoring wells in alluvium vary from about 4 to 8 feet seasonally and 
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generally respond to precipitation trends and irrigation activity on OSMP fields south and 

north of US36. 
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SECTION 9 - HYDRAULIC MODELING 

9.1 General 

The existing regulatory floodplain model (i.e., Effective Model) along SBC consists of a 

combination one-and two-dimensional hydraulic model that was developed using the MIKE 

FLOOD software program.  The Effective Model for SBC through the City is from the Flood 

Mapping Study as documented in the South Boulder Creek Climatology/Hydrology Report 

(HDR 2007).  This model was adopted by FEMA as the Effective Model in 2008.  Digital 

copies of the Effective Model were obtained by DHI from the MHFD in October 2017. 

A CLOMR was prepared by Plenary Roads and Michael Baker Jr., Inc. to document changes in 

the SBC floodplain resulting from the US36 widening project.  Typically, a CLOMR is 

performed using the same modeling approach and software as the effective regulatory study.  

However, modeling for this CLOMR was performed using a one-dimensional HEC-RAS model 

instead of the Effective MIKE FLOOD model.  The change in modeling approach and software 

was discussed and approved by the City, Boulder County, MHFD, and FEMA.  The CLOMR 

model included widening US36, widening the US36 bridge over SBC, and adding a dual barrel 

wildlif e crossing culvert below US36.  The HEC-RAS model was subsequently updated 

following construction, and a Letter of Map Revision (LOMR) was issued by FEMA in 2017. 

Project facilities will alter the SBC floodplain both at the Project site and downstream of the 

Project site.  Floodplain mapping changes are anticipated to include removing large portions 

of the West Valley from the regulatory floodplain and minor floodplain changes along the 

main stem of SBC.  Prior to construction of the Project, a CLOMR will need to be obtained 

from FEMA, documenting changes to the floodplain mapping.  Development of the CLOMR 

will require development of the following hydraulic models: 

¶ Duplicate Effective Model:  This model is a copy of the Effective Model that is rerun 

on the requesterôs equipment to ensure it has been correctly transferred.  

¶ Corrected Effective Model:  This model corrects any errors in the Duplicate Model, 

updates the model to the latest version of the software, and incorporates more detailed 

or updated topography and LOMRs. 

¶ Proposed Conditions Model:  This model is modified to reflect the post-project conditions.    

For this 30-percent design submittal, the RJH Team developed a preliminary Corrected 

Effective Model and a Preliminary Proposed Conditions Model, which are described below.   
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9.2 Preliminary Corrected Effective Model 

DHI developed a Preliminary Corrected Effective Model that was used as the baseline for 

comparisons with the Preliminary Proposed Conditions model.  The Effective Model 

obtained from the MHFD was in the Version 2009 SP1 of the MIKE FLOOD software 

modeling package.  DHI upgraded the models from Version 2009 SP1 to Version 2017 SP1 

to incorporate recent software updates. 

Both the 100-year and 500-year design flood events in the Effective Model are generated by 

a short-duration, high-intensity thunderstorm (i.e., the 100-year Thunderstorm and 500-year 

Thunderstorm).  Initial model simulations for the 100-year General Storm performed by the 

RJH Team during Concept Design resulted in lower flood inundation extents and depths than 

the 100-year Thunderstorm.  Based on this evaluation, it was concluded that the 

Thunderstorm is the governing design storm for flood extents and depth relative to these two 

events.  Therefore, the General Storm was not used in development of the Preliminary 

Corrected Effective Model.   

The Effective Model was modified to develop the Preliminary Corrected Effective Model by: 

¶ Updating bathymetric and channel topography using LiDAR data from the post-flood 

2013 survey. 

¶ Incorporating US36 embankment and bridge modification geometry and the dual 

wildlif e crossing culverts from CDOTôs US36 expansion project.  

¶ Updating topographic data at the Project site based on 2017 and 2021 survey data 

¶ Updating SBC channel topography based on in-stream channel construction survey 

as-built drawings. 

¶ Correcting incomplete and/or incorrect culvert information from the Effective Model. 

¶ Identifying and resolving culvert issues in the modeling approach used in the 

Effective Model regarding 1D-2D bypass at hydraulic structures. 

¶ Updating the Manningôs n roughness coeffi cient in Viele Channel to reflect current 

conditions.  

A comparison of Effective Model and Preliminary Corrected Effective Model results indicate 

similar overall characteristics for the 100-year and 500-year events despite significant changes 

to bathymetry and cross sections and updates to hydraulic controls throughout the domain.  

However, there are significant differences (i.e., greater than one foot in depth) in specific 

locations.  There are also areas along the fringe of the floodplain that are removed from the 



Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

42 

floodplain for both the 100-year and 500-year events.  These differences are likely the result of 

the higher resolution topography.  A plan of differences in flood depths between the Effective 

Model and Preliminary Corrected Effective Model for the 100-year event is presented on 

Figure 9.1.  Areas shown in green are areas that were part of the 100-year floodplain in the 

Effective Model but are removed for the Preliminary Corrected Effective Model.   

Additional information for the Preliminary Corrected Effective Model is presented in the 

Draft South Boulder Creek- MIKE FLOOD Corrected Effective Model Development Report 

(DHI, 2020) that was previously submitted to the City. 
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Figure 9.1:  Difference in 100-year Flood Depth between Effective Model and Preliminary Corrected 

Effective Model 
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9.3 Preliminary Proposed Conditions Model 

DHI developed a Preliminary Proposed Conditions Model by modifying the Preliminary 

Corrected Effective Model.  Revisions generally included modifying the topographic terrain 

to reflect the dam embankment, detention excavation, spillway, and levee removal and 

modeling the outlet works as a culvert below US36.  The Preliminary Proposed Conditions 

Model was developed to answer the following primary questions for the 30-percent design: 

¶ Does the levee along the east side of the CU property need to be removed for the 

project to meet hydraulic and floodplain design criteria?   

¶ What is the required hydraulic capacity of the outlet works? 

¶ Does the wildlife crossing need to be modified to modify hydraulic capacity? 

¶ What is the preferred storage volume and configuration for the detention excavation? 

A series of model runs were performed to answer these questions.  A summary of the model 

scenarios is presented in Table 9.1. 

TABLE  9.1 
HYDRAULIC MODELING SCENARIOS  

 

Scenario 
Levee 

Removed 

Outlet 
Works 

Capacity(1) 

Wildlife 
Crossing 
Opening 

Detention 
Excavation 

Scenario 1 No 2 100% Initial 

Scenario 2 No 2 100% Expanded 

Scenario 3 Yes 2 100% Expanded 

Scenario 4 Yes 2 50% Expanded 

Scenario 5 Yes 3 100% Expanded 

Scenario 6 Yes 4 100% Expanded 

Scenario 7 Yes 1 50% Expanded 

Scenario 8  Yes 1 100% Expanded 

Scenario 9 Yes 1 100% Refined 

Note: 
1. Number of 60-inch diameter pipes. 

Additional information regarding key model variables is presented below.   

¶ Levee Removal:  For scenarios that included levee removal, the grading was 

developed assuming the levee is removed to native ground, which is generally the 

wet-side toe of the levee.   

¶ Outlet Works Capacity: The maximum diameter of the outlet works will be limited to 

about 60-inches based on cover constraints below US36 and DCD2.  For this 
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modeling, we considered outlet works configurations with a hydraulic capacity equal 

to one, two, three, and four 60-inch diameter pipes.   

¶ Wildlife  Crossing:  We evaluated the impact of flows through the wildlife  crossing on 

the performance of the Project by considering a) blocking one of the dual wildl ife 

crossing culverts (i.e., 50-percent capacity) and b) maintaining full capacity of the 

culverts (i.e., 100-percent capacity).  

¶ Detention Excavation:  The initial detention excavation grading plan provided 60 ac-

ft of storage at the top of the detention excavation.  Based on initial modeling results, 

it appears that additional storage will  be beneficial, so RJH developed an ñexpandedò 

grading plan that provided about 105 ac-ft at the top of the detention excavation.  This 

grading plan was then refined to provide more desirable conditions for local drainage 

and vegetation establishment.  The refined grading plan provides 73 ac-ft at the top of 

the detention excavation.   

Additional information regarding the proposed conditions model is presented in Appendix B.1.  

A plan of difference in 100-year flood depths between the Preliminary Corrected Effective 

Model and the Proposed Conditions Model for Scenarios 8 and 9 is presented on Figures 9.2 

and 9.3, respectively.  A summary of proposed conditions model results is presented in Table 

9.2.  Based on the modeling results, Scenario 8, with the expanded detention excavation 

grading, does not increase downstream flood impacts compared to the existing condition.  

However, minor increases in downstream flood impacts (i.e., up to about 0.1 feet) are 

anticipated with the refined detention excavation grading plan (Scenario 9).  Additional 

refinement to the detention excavation grading will be required in the next stage of design.  

The optimum storage volume of the detention excavation that will not cause downstream flood 

impacts is likely somewhere between the expanded grading (i.e., 105 ac-ft) and the refined 

grading (i.e., 73 ac-ft). 
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Figure 9.2:  Difference in 100-year Flood Depth between Preliminary Corrected Effective Model and 

Proposed Conditions Model - Scenario 8 



Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

47 

 

Figure 9.3:  Difference in 100-year Flood Depth between Preliminary Corrected Effective Model and 

Proposed Conditions Model - Scenario 9 
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TABLE  9.2 

HYDRAULIC MODELING RESULTS (100-YEAR) 

 

Configuration 
 

Max WSE 
at US36 
Bridge  

(ft) 

Max 
WSE in 
Pond  

(ft) 

Peak Flow 
US36 

Bridge 
(cfs) 

Peak Flow 
S. Boulder 

Rd. 
(cfs) 

Peak 
Outlet 
Flow 
(cfs) 

Peak 
Wildlife 

Crossing 
Flow  
(cfs) 

Existing  5361.5 N/A 3682 5477 0 810 

Scenario 1 5362.0 5360.9 4128 6134 705 899 

Scenario 2 5362.0 5359.5 4124 6061 677 899 

Scenario 3 5361.3 5362.3 3378 5294 734 850 

Scenario 4 5361.4 5362.9 3571 5088 746 421 

Scenario 5 5361.3 5361.8 3376 5431 979 850 

Scenario 6 5361.3 5360.9 3378 5609 1246 850 

Scenario 7 5361.6 5363.4 3852 5135 351 444 

Scenario 8  5361.2 5363.0 3374 5045 348 862 

Scenario 9 5361.4 5363.3 3573 5293 350 865 

Key takeaways from the proposed conditions modeling include: 

¶ The levee needs to be removed for the Project to meet hydraulic and floodplain 

design criteria.  If the levee is not removed, then a sufficient amount of water cannot 

be conveyed into the facility.   

¶ The preferred outlet works configuration is a single 60-inch diameter outlet pipe.   

¶ The hydraulic capacity of the wildlife crossing does not need to be modified. 

¶ The expanded detention excavation grading plan (105 ac-ft) provides sufficient 

storage to meet hydraulic and floodplain design criteria.  The refined detention 

excavation grading plan (73 ac-ft) will  cause small water surface rises up to 0.1 feet at 

some areas.  The optimum storage volume of the detention excavation is likely 

somewhere between the expanded grading (i.e., 105 ac-ft) and the refined grading 

(i.e., 73 ac-ft). 

We conservatively selected a 100-year water surface elevation of El. 5363.8 to use for setting 

the top of the spillway wall and dam crest.  

As the design progresses, we anticipate continuing to refine the Preliminary Proposed 

Conditions Model.  This model will serve as the basis for future regulatory floodplain 

permitting activi ties.  We also plan to develop a ñlocalò proposed conditions model.  The 

local model will be a truncated model extending from about Highway 93 to Baseline Road.  

The local model will allow for smaller grid sizes and provide more detailed hydraulic 
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information at key locations to inform the selection of design features.  For example, we will 

use the local model to evaluate velocities along the upstream face of the spillway wall to 

identify if erosion protection is required.   

9.4 Alternate Existing Conditions Model  

The Effective Model in MIKE FLOOD has historically been challenging for the City to use 

as a regulatory model because MIKE FLOOD is a proprietary software that is not widely 

used in industry for regulatory floodplain models.  The City is interested in the possibility of 

using the USACE HEC-RAS software program for future FEMA floodplain updates to SBC.  

HEC-RAS is a public domain hydraulic modeling software program that was been widely 

adopted by municipalities, regulators, consultants, developers, and floodplain managers.   

RESPEC developed an Alternate Existing Conditions Model using HEC-RAS.  This model 

was developed to facilitate comparison to the MIKE FLOOD Preliminary Corrected 

Effective Model discussed above.  This comparison will be used to inform the Cityôs 

decision of whether to transition the Project hydraulic modeling and permitting to HEC-RAS.   

The Alternate Existing Conditions Model was developed using as much information from the 

Preliminary Corrected Effective Model as reasonably possible for consistency.  Model input 

obtained from the MIKE FLOOD model included Manningôs n grid, digital elevation model, 

hydraulic structures information, and inflow hydrographs and locations.   

While both MIKE FLOOD and HEC-RAS are based on hydraulic principles of conservation 

of mass and momentum, there are differences in computational algorithms, equations, and 

approaches that will result in differences in flow depths and extents between the models.  A 

significant diff erence between the two models is that the Alternate Existing Conditions 

Model was developed using a topographic terrain grid cell size that ranged from 25-feet by 

25-feet upstream of the US36 crossing to 150-feet by 150-feet in the upstream portions of the 

model domain, while the MIKE FLOOD model used grid cell sizes that ranged from 1 to 2 

meters (3.28 to 6.56-feet) around US36 and 4 meters (13.12 feet) elsewhere.  A significantly 

smaller cell size can be used for the MIKE FLOOD model because DHI has computers with 

processing capabilities that are more powerful than those utilized by most consultants.   

Based on a comparison of the Alternate Corrected Effective Model and Preliminary Corrected 

Effective Model results, overall characteristics for the 100-year flood are similar.  However, 

there are significant differences in flow depths and extents at specific locations.  The mean 

difference in water depths between the two models is 0.00048 feet with a standard deviation of 

0.56 feet.  Differences in water surface elevation (flood depth) between models are shown on 
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Figure 9.4.  There is an average difference of 1.1 feet between the models overtopping US36 

into the West Valley with MIKE FLOOD having higher water depths.  The discrepancy is likely 

the result differences in cell size in this hydraulically complex area.     

Differences in flow rates between the models are presented in Table 9.3.  The largest 

differences occur at culverts, and calibration of culvert hydraulics could be performed to 

decrease the discrepancy between the two models.   

TABLE 9.3 

PEAK FLOW RATE DIFFERENCES 

 

Location 
 

HEC-RAS 
(cfs) 

MIKE 
FLOOD 

(cfs) 
Difference 

(%) 

Approach Highway 93 7,125 6,643 6.8 

Approaching US36 7,370 7,159 2.9 

US36 Bridge 3,906 3,811 2.4 

US36 Wildlife Crossing 751 856 -14.0 

US36 Flow Split 2,795 2,704 3.2 

US36 Overtopping 2,423 2,338 3.5 

South Boulder Road 2,899 2,734 5.7 

In RESPECôs opinion, the floodplain delineation and resulting 100-year water surface elevations 

developed using HEC-RAS compare reasonably to those developed using MIKE FLOOD, and 

HEC-RAS will  be a reasonable model to use for future floodplain modeling of SBC.   

Additional information regarding the Alternate Corrected Effective Model is presented in 

Appendix B.2. 
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Figure 9.4:  Difference in 100-year Flood Depth between Alternate Corrected Effective Model (HEC-

RAS) and Preliminary Corrected Effective Model (MIKE FLOOD) 
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SECTION 10 - DAM EMBANKMENT 

10.1 General 

The dam embankment will  consist of a zoned earthfill embankment with internal fil ters and 

drains with a barrier wall through the foundation soils extending into the underlying Pierre 

Shale bedrock.  The dam embankment will extend along the north and west portion of the 

CU Boulder South campus.  The dam embankment will be approximately 3,000-feet-long 

and will connect to natural high ground, which is Pierre Shale bedrock, at the west (left) end 

and to the spillway at the east (right) end. 

The dam embankment will consist of a central core (i.e., Zone 1), and upstream and 

downstream shells (i.e., Zone 2).  The central core (Zone 1) will be 10 feet wide and will 

have sufficiently low permeability to reduce seepage losses.  The upstream and downstream 

shells (Zone 2) will  consist of fine-grained to coarse-grained materials.  The dam will  have a 

crest width of 17 feet, which was selected based on SEO criteria and to provide a sufficient 

travel corridor for maintenance vehicles.  The upstream and downstream slopes will  be at 

4H:1V to reduce long-term maintenance and provide improved aesthetics.  The embankment 

crest will be at elevation (El.) 5371.2.  This provides 2 feet of freeboard above the routed IDF 

water +surface elevation (WSE), which is greater than the wave runup. 

Internal filter (i.e., Zone 3) and drainage zones (i.e., Zone 4) wil l be included within the 

embankment to safely manage seepage through the embankment fill.  The seepage 

management collection system will include a 4-foot-wide Zone 3 chimney filter adjacent to 

the downstream edge of the Zone 1 core and horizontal finger drains that will convey 

seepage from the chimney to the downstream toe drain.  The finger drains will be 3 feet thick 

and 10 feet wide and consist of 1-foot of Zone 4 material surrounded by 1 foot of Zone 3 

material.  The filter and drainage zones will consist of specially graded sand and gravel. 

The embankment will include a toe drain system to collect and manage seepage that is 

collected by the embankment filter/drainage zones and to control groundwater levels 

downstream of the dam.  The toe drain system will collect and convey flows using 8-inch 

diameter slotted polyvinyl chloride (PVC) pipes with periodic manhole cleanouts along the 

alignment.  The embankment filter/drain is not anticipated to regularly convey water because 

the detention facility will  usually be empty.  However, based on proposed conditions 

groundwater modeling (see Section 12), the embankment toe drain will like ly collect 

groundwater along the west edge of the Project site (between the embankment and Tantra 

Drive) during seasonally high groundwater periods.  In this area, the embankment toe drain 
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pipe will be installed near or slightly above the seasonally-high groundwater level to 

facilitate construction and prevent the routine collection of groundwater.   

We designed the toe drain pipe to redistribute collected water into the subsurface.  We 

anticipate that some of the collected water will re-infiltrate along the length of the slotted toe 

drain pipe as it flows through locations where the pipe is above the natural groundwater 

table.  Also, exfi ltration areas will be placed at the ends of the toe drain pipes to reintroduce 

collected water to the groundwater system.  Weir boxes will be provided within vaults 

periodically along the toe drain alignment for flow monitoring.   

A barrier wall will  be used below the embankment dam to manage seepage through the 

foundation soils when the reservoir is storing water and will consist of a 3-foot-wide soil-

bentonite barrier wall below the Zone 1 core of the embankment that will extend 5 feet into 

the underlying Pierre Shale bedrock. 

Foundation soil consists of fill that was previously placed to reclaim the CU Boulder South 

campus after mining operations and alluvium near the right abutment.  The left abutment will 

connect to Pierre Shale bedrock.  The existing berm (west berm) on the west side of the CU 

Boulder South campus will be removed for construction of the embankment.  This will 

involve excavating the existing earthen berm and reusing the material for earthfill.  

10.2 Analyses 

10.2.1 General 

RJH performed geotechnical analyses to support preliminary design of the dam embankment.  

These analyses included an evaluation of wave runup and freeboard, material properties, slope 

stability, seepage, and seismic deformation and are described below. 

10.2.2 Wave Runup, Spillway Routing, and Freeboard 

Required freeboard was identified using guidance from the United States Bureau of 

Reclamation (Reclamation) Design Standards No. 13 (Reclamation, 2021) in accordance 

with the SEO Rules and Regulations (SEO, 2020a) and is based on wave runup.  Freeboard 

was evaluated for the following conditions: 

¶ IDF Pool (El. 5370.8) plus runup and setup from a wind velocity exceeded 10-percent 

of the time, which is 15 mile-per-hour (mph). 

¶ 100-Year Flood Pool (El. 5363.8) plus runup and setup from a 100- mph wind velocity. 
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¶ Earthfill embankment at a 4 horizontal to 1 vertical (H:V) slope covered with native 

grasses. 

Based on these analyses, the computed wave runup was less than 2 feet of freeboard selected 

by RJH.   

A spillway routing analysis was performed using the weir equation to identify the IDF pool.  

The IDF pool was computed to be at El. 5369.2 for a 2,200-foot-long spillway. 

For preliminary design, RJH selected a dam crest El. 5371.2 based on the spillway routing 

analysis plus 2 feet of freeboard to be conservative and account for changes due to hydraulic 

modeling.  We anticipate the design elevation of the dam crest to be modified during future 

design phases based on additional hydraulic modeling. 

10.2.3 Material Properties 

The dam embankment core (Zone 1) will be comprised of onsite fine grained borrow 

material, and the embankment shell (Zone 2) will  consist of material that could range from 

fine grained to coarse grained material sourced from onsite excavations or imported as 

necessary.  Filter (Zone 3) and drain material (Zone 4) were considered to be imported for 

preliminary design, but possibly could be processed from on-site alluvium.  Zones 3 and 4 

are expected to be imported from a commercial source and were combined into a 

homogeneous filter zone for analyses.  Foundation materials beneath the embankment are fill  

(mostly clayey sand), alluvium (generally sand and gravel), and Pierre Shale bedrock.  The 

foundation soil was modeled as one unit and was based on a range of material properties that 

are considered to be conservative for both the fill and alluvium for the types of analyses 

being performed.  The barrier wall will consist of soil-bentonite. 

A summary of the material properties used for seepage and stability modeling is presented in 

Appendix C.1. 

10.2.4 Seepage and Slope Stability Analyses 

RJH performed two-dimensional seepage and slope stability analyses using the computer 

programs SEEP/W and SLOPE/W, which are part of the GeoStudio 2021 software package.  

Analyses were performed for a typical section of the embankment selected near the 

maximum embankment section and where Viele Channel is closest to the downstream toe.  

We considered the crest of the detention excavation upstream of the embankment to be 20-
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feet from the upstream toe of the embankment and at a 4H:1V slope to the bottom of the 

detention excavation. 

Loading conditions and required safety factors are from USACE EM 1110-2-1902 (USACE, 

2003b) in accordance with the SEO Rules and Regulations (SEO, 2020a).  Analyses were 

performed for the following key loading conditions: 

¶ Steady state conditions with an empty reservoir (seepage of groundwater into an 

empty detention excavation). 

¶ Empty reservoir at the end of construction. 

¶ Steady state conditions from a full reservoir (estimated 100-year flood water surface 

El. 5364). 

¶ Rapid drawdown from a full reservoir to the bottom of the detention excavation. 

Evaluating steady state conditions is conservative because steady state conditions are not 

anticipated to develop during short-term reservoir impoundments.  Seepage analyses were 

performed for the following foundation conditions and downstream hydraulic conditions: 

¶ High-permeable foundation material properties to represent alluvial soil and typical 

groundwater conditions in Viele Channel for the empty reservoir condition and an 

empty Viele Channel for the full reservoir condition. 

¶ Low-permeable foundation material properties to represent fill soil and typical 

groundwater conditions in Viele Channel for the empty reservoir condition and an 

empty Viele Channel for the full reservoir condition. 

¶ High-permeable foundation material properties to represent alluvial soil and bank-full 

water conditions in Viele Channel. 

¶ Low-permeable foundation material properties to represent fill soil and bank-full 

water conditions in Viele Channel. 

For all analyzed conditions, the strength of the foundation material was based on lower-

strength conditions of fill, which is conservative.  Bank-full conditions in Viele Channel will  

maintain the phreatic surface higher, and be more conservative for stability analyses, than 

either the typical groundwater or empty Viele Channel condition.  Results using materials 

properties that produced the most conservative conditions (i.e., highest phreatic surface) are 

presented in Table 10.1. 
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TABLE 10.1 

SEEPAGE MODEL RESULTS 
 

Loading 
Condition 

 

Analysis 
Conditions 

 

Exit 
Gradient(1) 

 
Flow Rate(2) 

(gpm per foot) 

Flow Rate into 
Toe Drain 

(gpm per foot) 

Steady State - 
Empty 
Reservoir 

Low-permeable 
foundation soils 
and bank-full 
conditions in Viele 
Channel 

0.3(3) 1.5x10-3 Not Applicable 

Steady State - 
Full Reservoir 

Low-permeable 
foundation soils 
and bank-full 
conditions in Viele 
Channel 

<0.1(4) 0.04 3.6x10-2 

Note: 
1. Exit gradients are generally less applicable in fine grained materials. 
2. The flow rate is calculated as all flow passing through a section that extends from the top of the 

embankment to the bottom of the bedrock in the model. 
3. Exit gradient into the detention excavation. 
4. Exit gradient 5 feet downstream of the embankment toe. 

Stability analyses were performed based on the most conservative results of the seepage 

analyses for each loading condition.  Stability results are presented in Table 10.2. 

TABLE 10.2 

SLOPE STABILITY MODEL RESULTS 
 

Loading Condition 

Computed Safety Factor 
Required 
Minimum 

Safety Factor 
Upstream 

Slope 
Downstream 

Slope 

Steady State - Empty 
Reservoir 

2.2 2.3 1.5 

End of Construction 1.5 1.6 1.3 

Steady State - Full Reservoir 2.0 2.0 1.4 

Rapid Drawdown  1.1 Not Evaluated 1.1 

We conclude the following based on the model results: 

¶ Acceptable seepage conditions will  exist if steady state seepage occurred at the 100-

year flood water surface elevation.  The core, barrier wall, and toe drain effectively 



Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

57 

manage seepage and generally maintain the phreatic surface below the natural ground 

surface downstream of the dam (i.e., below the downstream shell). 

¶ Seepage and stability conditions are predicted to be acceptable for both types of 

foundation soil (lower-permeable fill versus higher-permeable alluvium).   

¶ Bank-full flood conditions in Viele Channel are not predicted to adversely affect 

seepage or stabil ity performance of the dam.  However, high water levels in Viele 

Channel could restrict the ability of the toe drain pipe to drain.  

¶ Upstream and downstream slopes at 4H:1V are acceptable for all analyzed slope 

stability loading conditions. 

A summary of the seepage and stability modeling is presented in Appendix C.2. 

10.2.5 Seismic Deformation 

We estimated seismic deformation using the Swaisgood procedure (Swaisgood, 2003) which 

is appropriate for non-liquefiable material.  We expect the foundation soil to be non-

liquefiable because the material is generally medium dense to dense and ranges from fine to 

coarse grained.  The peak ground acceleration (PGA) was estimated for the design seismic 

event with a recurrence interval of 5,000 years (see Section 7) and the site adjusted PGA was 

0.25g for very dense soil and soft rock.  A conservative seismic hazard was evaluated using 

an earthquake magnitude of 6.0.  The amount of settlement expected due to the design 

seismic event is about 0.2 inches.  This amount of settlement is unlikely to result in breach of 

the embankment and does not control the embankment design. 

10.2.6 Camber 

Design of embankment camber will be performed as part of the 60 percent Project design. 

10.2.7 Upstream Slope Protection 

The reservoir will  typically be empty.  In our opinion, erosion of the upstream slope from 

wave action is not anticipated to be a dam safety concern, and riprap or other hardened slope 

protection is not necessary.  Based on previous discussion with the SEO, a permanent erosion 

control blanket will be installed along the upstream slope and will  extend from the upstream 

toe to the embankment crest.  The erosion control blanket will be buried, and the upstream 

slope will be vegetated with native grass.   
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10.2.8 Downstream Slope Protection 

The alignment of the dam embankment has generally been located so that the downstream toe of the 

embankment is about 50 feet from the top of the right bank of Viele Channel.  The embankment 

will need to be designed to safely withstand a PMF in Viele Channel.  RJH performed a hydraulic 

evaluation to identify impacts to the embankment from flows in Viele Channel.  Based on our 

analyses flows in Viele Channel during the PMF will not produce velocities and shear stresses that 

would cause erosion of the downstream slope.  Therefore, downstream slope protection is not 

required.  Additional information regarding the Viele Channel hydraulic analysis is discussed in 

Section 14.   

In RJHôs opinion, potential impacts to the dam embankment from an extreme flood in Viele 

Channel appear to be negligible, and a grass-covered slope should be adequate to maintain a 

stable embankment and more robust erosion protection of the downstream slope is not required. 
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SECTION 11 - SPILLWAY 

11.1 General 

The spillway will consist of an above-ground concrete wall  supported by secant piles that will 

provide structural support and below-ground seepage control that extends along the US36 

corridor.  The spillway will be approximately 2175-feet long and will connect to the earthfill 

embankment at the west (left) end and to the US36 embankment at the east (right) end. 

The alignment of the spillway for the 30-percent design was selected to avoid impacts to 

existing utilities within the CDOT ROW and facilitate construction.  The location of the 

utili ties within the CDOT ROW varies along the US36 corridor; however, near the west end 

of the spillway, the utilities are located near the southern edge of the CDOT ROW.  The 

centerline of the spillway will  need to be about 45 feet from the CDOT ROW at this location 

to maintain the existing utilities and provide reasonable room for construction of below-

ground portions of the spillway and groundwater conveyance system.  For the 30-percent 

design, we maintained a consistent offset of 45 feet from the centerline of the spillway to the 

CDOT ROW.  The offset distance could be reduced where feasible to reduce impacts to 

OSMP based on the locations of existing utilities within the CDOT ROW. 

11.2 Spillway Wall 

The spillway wall will  consist of a vertical, reinforced concrete wall that varies in height 

above final grade from about 6 feet to 10 feet.  For a majority of the spillway alignment, the 

top of wall will  be set at El. 5364.8.  This is one-foot above the 100-year water surface 

elevation.  The spillway wall will  be set at El. 5371.2 at the connection to the embankment 

dam to prevent overtopping during the PMF; and at El. 5365.8 at the connection to US36 to 

reduce the frequency of overtopping during extreme events. 

Reservoir and spillway routing for the PMF was performed using the MIKE FLOOD model 

described in Section 9.  During the PMF, flows will travel along the upstream face of the 

spillway wall prior to overtopping the wall.  Flows will overtop the wall non-uniformly.  The 

spillway will initially be overtopped closest to SBC.  The area between the spillway wall and 

the US36 road embankment is a hydraulic constriction and will quickly fill with water once 

the spillway wall begins to overtop.  Tailwater will eventually submerge the spillway wall 

during the PMF. 
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RJH performed geostructural analyses to identify the required thickness of the wall.  This 

evaluation was performed for the combined spillway wall and secant pile foundation system.  

RJH performed two-dimensional analyses using the DeepEX software program developed by 

Deep Excavation, LLC.  Both 100-year and PMF hydraulic loads were evaluated.  The model 

considered hydrostatic water conditions on each side of the wall (i.e., seepage beneath the 

secant pile wall was not evaluated).  Based on the results of this model, a 1-foot-thick wall with 

appropriate steel reinforcement will  generally be adequate for the spillway.  For the 30-percent 

design, the reinforcement pattern for the spillway wall was #7 bars each face and both ways at 

12 inches.  The reinforcement pattern for the spillway foundation was modeled for every other 

secant pile with 11 #9 bars for vertical reinforcement and #5 hoops every 12 inches.  Additional 

structural elements will likely be required at the base of the wall near the connection to the 

secant piles and pile cap.  The reinforcement pattern and additional structural details will be 

developed in future stages of design.  Additional information regarding the spillway wall 

evaluation is presented in a technical memorandum in Appendix D.1.   

Various architectural treatments could be considered to the spillway wall for improved 

aesthetics in future stages of design.  Some options include concrete staining or stamping, 

architectural trellises to facilitate plant growth, curvilinear alignment, etc. 

11.3 Spillway Foundation 

11.3.1 Deep Foundation 

Foundation conditions along the spillway consist of coarse-grained alluvium overlying Pierre 

Shale bedrock.  Bedrock is expected to be about 21 feet below the ground surface near the 

west (left) end of the spillway and 8 feet below the ground surface near the east (right) end of 

the spillway.  Foundation soils along the spillway contain cobbles and boulders, which will  

preclude installation of driven seepage control (e.g., sheet piles). 

RJH initially considered multiple alternatives for a full cutoff for the deep foundation including 

structural foundations (secant pile wall and diaphragm wall) and non-structural seepage barriers 

(sheet pile wall, soil-bentonite slurry wall, vibrating beam wall, soil-mixing, chemical/permeation 

grouting, jet grouting, and an earthen core trench).  The secant pile wall was identified by RJH as 

the most desirable option based on technical and economic considerations.   

The spillway foundation will consist of a secant pile wall that will extend through the 

alluvium and into bedrock.  The purposes of the secant pile foundation are to provide 

structural support for the spillway wall and to provide a seepage barrier to restrict flows 

through the coarse-grained alluvium during times of flood detention.  A secant pile wall was 
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selected because it can be installed in challenging subsurface conditions (i.e., cobbles and 

boulders) and provides more structural support compared to other types of cutoff walls (i.e., 

sheet pile, slurry wall, etc.).  The secant pile wall will  be constructed by drilling shafts and 

backfilling the shafts with reinforced concrete.   

A reinforced concrete pile cap will be constructed at the top of the secant pile wall to transfer 

loads from the structural wall to the secant pile wall and to provide a level surface for 

installing forms for the structural wall.   

RJH performed geostructural analyses to identify sizing, spacing, and embedment depth into 

bedrock for the secant pile foundation using the DeepEX model described in the previous section.  

Based on this analysis, we concluded that the secant piles should extend about 8 feet below 

the top of the bedrock.  Secant pile embedment should be measured from the top of 

competent bedrock that is generally moderately weathered to fresh and moderately fractured 

to unfractured.  A secant pile diameter of 4 feet with center-to-center spacing of 7 feet will 

generally provide sufficient structural support for the spillway wall.   

Additional information regarding the spillway foundation evaluation is presented in a 

technical memorandum in Appendix D.1.   

11.3.2 Shallow Foundation 

An alternative to the secant pile foundation (i.e., deep foundation) may be to construct a 

reinforced concrete spread footing (i.e., shallow foundation).  The spread footing will  be 

designed to provide sufficient structural support for the spillway wall; however, a seepage 

barrier to bedrock will  not be included.  A shallow foundation will  be beneficial because it 

will  allow groundwater to flow through the alluvium beneath the spillway during normal 

(non-flood) conditions.  However, a shallow foundation will  also allow high seepage rates 

through the spillway foundation during flood loads, which will  need to be safely managed. 

RJH performed preliminary analyses to evaluate the feasibility of using a shallow foundation 

to support the spil lway wall.  We identified a) backward erosion piping and b) uplift of the 

spillway apron as being the two most credible seepage-related potential failure modes (PFM) 

for a spillway founded on a shallow foundation.  We performed preliminary stability analyses 

to develop appropriate foundation geometries and then performed simplified seepage 

modeling to identify exit gradients, uplift pressures on the spillway apron, and flow rates that 

wil l need to be collected by a drainage system.  Using results from the seepage modeling, we 
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performed a simplified potential failure modes analysis to develop event trees and estimate 

the probability of failure for these two potential failure modes.   

In our opinion, a shallow foundation is technically feasible and will  li kely be less expensive, but 

inherently is slightly higher risk than a deep foundation with full seepage cutoff.  If  the City 

elects to move forward with the shallow foundation, additional analyses are needed to confirm 

that the increase in risk falls below tolerable risk levels identified by the City and SEO.   

11.4 Spillway Apron 

The spillway will discharge to the area between the spillway wall and the US36 roadway 

embankment.  This area consists of both OSMP property and the CDOT ROW and includes a 

regional multi-use trail.  An energy dissipation facility is needed to reduce the likelihood of 

scour and erosion when the spillway is operating.  The energy dissipation facility wil l consist 

of a reinforced concrete spillway apron immediately downstream of the spillway wall.   

RJH performed hydraulic analyses to size the spillway apron.  The spillway hydraulics are 

more complicated than a typical weir with an apron because: 

¶ The existing ground generally slopes downward, and the height of the spillway wall 

generally increases from east to west (i.e., right to left).  Flows will travel parallel to 

the spillway wall prior to overtopping the wall.  Flows will overtop the wall non-

uniformly.  The spillway wall will  initially  be overtopped closest to SBC.   

¶ The area between the spillway wall and the US36 road embankment is a hydraulic 

constriction and will quickly fill with water once the spillway wall begins to overtop.  

This will create significant tailwater on the spillway apron.   

RJH performed a review of technical papers related to drop-spillway energy dissipation.  The 

unique hydraulic conditions at the spillway do not facilitate the direct use of standard 

engineering reference documents to size the energy dissipation facilities.  Most standard 

references for spillway and weir hydraulics were developed for shorter drop spillways, 

assumed uniform weir overtopping and for an unsubmerged weir, and do not account for 

energy dissipation from high tailwater values. 

We identified a technical report by the Reclamation, Technical Report (TR) REC-ERC-74-9 

Hydraulic Model Studies of Plunge Basins for Jet Flow (TR 74-9) (Reclamation, 1974), that 

evaluated the influence of tailwater on energy dissipation from jet flow.  This report focused 

on jet flow from a gate valve rather than an overflow weir.  The nappe from an overflow weir 

will  perform differently than jet flow from a gate valve when subjected to significant 



Preliminary Design Report - South Boulder Creek Regional Detention Project 
July 2022 

 
 
 

 

 

  16134_22-07-07_SBC_Preliminary_Design_Report 

63 

tailwater.  However, we did not identify any other studies that evaluated the influence of 

significant tailwater depths on energy dissipation of a jet.  We selected to use this approach 

for preliminary design of the spillway apron and have endeavored a conservative application 

of this approach.  

Based on this evaluation, we conservatively selected apron lengths that vary along the 

lengths of the spillway.  The apron length is 12 feet at the east (right) end of the spillway and 

increases to 18 feet at the west (left) end of the spillway.    

It is possible that a more detailed evaluation could result in a decrease to the size of the 

concrete apron.  This will  likely require developing a computation fluid dynamic model or 

performing a physical model study.  Either of these could be performed in the final design if 

the City desires to evaluate decreasing the size of the apron.  However, the benefit-cost of the 

construction cost savings or the more rigorous engineering analysis should be evaluated.   

Additional information regarding the spillway evaluation is presented in a technical 

memorandum in Appendix D.2.   

11.5 Abutment Connection to US36 

The spillway alignment at the right abutment will bend and extend perpendicular to US36.  

This section of the spillway will be set at El. 5365.8 (1-foot higher than the majority of the 

spillway) to reduce the frequency of overtopping during extreme events.  The spillway will  

terminate in the US36 roadway embankment.  The spillway wall and secant pile foundation 

will extend to the point where the top of the spillway wall is below the existing US36 

embankment.  A vertical soil-bentonite drilled shaft will be constructed at the edge of the 

spillway wall and secant pile foundation to reduce the likelihood of a seepage path forming 

along the connection.   

The multi-use trail will extend over the east (right) abutment of the spillway.  An earthfill 

ramp will be placed along both sides of the spillway wall at this location to accommodate the 

multi-use trail.  Additional information regarding the multi-use trail is presented in Section 15. 

The right abutment of the spillway will be higher in elevation than the spillway control 

section, and therefore the spillway abutment is not predicted to be overtopped during the 

design flood event (100-year event).  However, the spillway abutment and US36 roadway are 

predicted to be overtopped during the PMF event.  It is important that the stability of  the 

spillway abutment is maintained during extreme flood events to protect against an 

uncontrolled release of the detained floodwaters and to meet SEO requirements.   
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RJH identified and evaluated four PFM that could occur during extreme loading events and 

potentially compromise the spillway abutment:  

¶ PFM #1: Abutment Breach from Spillway Flows.  This failure mode will  be caused 

by flows that overtop the spillway as intended, and subsequently also overtop US36.  

These flows could cause erosion of the US36 roadway fill, and the abutment stability 

might be compromised if the erosion encroached too near the connection between the 

spillway and abutment.   

¶ PFM #2: Abutment Breach from Abutment Overtopping.  This failure mode will  be 

caused by extreme flood events that overtop the right abutment of the spillway.  

These flows could erode soil from the abutment, which might result in a breach of the 

abutment if the erosion was severe enough.   

¶ PFM #3: Abutment Breach from South Boulder Creek Flows.  This failure mode will  

be caused by water that is retained upstream of the spillway and flows downstream 

through South Boulder Creek beneath the US36 bridge.  These flows could cause 

erosion of the US36 roadway fill and a breach of the spillway abutment if flow 

conditions in this area were highly erosive.   

¶ PFM #4: Seepage Instability of Abutment.  This failure mode will  be caused by 

seepage through the abutment (beyond the edge of the spillway) that develops during 

detention of floodwaters.  This seepage could adversely affect the abutment if 

excessive seepage forces or uplift pressures develop downstream of the spil lway.   

RJH developed a simplified two-dimensional hydraulic modeling using the USACE HEC-

RAS 5.07 software program to identify hydraulic loading conditions at select locations for 

each of the PFMs.  PFMs #1, #2, and #3 were evaluated by developing an embankment 

erosion model using the Natural Resources Conservation Service WinDAM software 

program.  PFM #4 was evaluated by developing a seepage model using the GeoStudio 2021 

Seep/W software program.  

Based on the evaluation performed by RJH, the four PFMs evaluated in this stage of design 

are not predicted to adversely affect the stability of the spillway abutment. Additional 

information regarding the abutment stability evaluation is presented in a technical 

memorandum in Appendix D.3. 
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SECTION 12 - GROUNDWATER CONVEYANCE SYSTEM 

12.1 General 

The following Project components are anticipated to impact the natural flow of groundwater 

at the site:   

¶ Barrier wall below the embankment dam. 

¶ Barrier wall around the detention excavation. 

¶ Secant pile wall below the spillway. 

Groundwater conveyance systems will be included to mitigate the impacts from these project 

facilities and generally maintain groundwater levels and flow patterns that are similar to the 

existing (i.e., pre-construction) conditions.  Groundwater conveyance systems will be 

installed at two locations: along the spillway and along the toe of the embankment dam at the 

west side of the site.  The systems will be designed to operate passively (i.e., via gravity) 

without the need for routine operator intervention or pumping. 

12.2 Spillway Groundwater Conveyance System 

The purpose of the spillway groundwater conveyance system is to convey groundwater past 

the spillway alignment and mitigate impacts from the secant pile foundation.  The system is 

designed to provide higher hydraulic capacity than the current hydraulic capacity of the 

aquifer so that the groundwater levels upstream and downstream of the spillway will  

naturally balance, and the groundwater system will  generally continue to function consistent 

with historic conditions.   

The spillway groundwater conveyance system will include the following key components: 

¶ Collection trench on the upstream (south) side of the spillway.  The purpose of this 

trench is to collect groundwater upstream of the secant pile wall and prevent the 

groundwater level upstream of the spillway from rising higher than its historic natural 

level.  The collection trench will be located 11 feet upstream of the spillway and will 

consist of a 4-foot wide and 4-foot-deep trench with a 10-inch slotted PVC pipe 

surrounded by filter material.  The filter material will be filter compatible with the 

surrounding alluvium and also with the pipe slot widths.  The hydraulic conductivity 

of the collection trench is about 91 times greater than the alluvium.  The trench will 

extend from about 2 feet above to 2 feet below the seasonally low groundwater level.  

The invert of the pipe was set to be at about 10 inches below the seasonally low 
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groundwater levels so that the historic seasonally low groundwater levels can be 

maintained.  Extending the trench deeper than 2 feet below the seasonally low 

groundwater level would provide added reliability to the system and the benefit-cost 

should be evaluated during future design phases.  The top of the trench will coincide 

with the surface of the spillwayôs temporary working platform, which will be about 2 

feet above the seasonally low groundwater level.   

¶ Distribution trench on the downstream (north) side of the spillway.  The purpose of this 

trench is to redistribute collected groundwater downstream of the secant pile wall and 

prevent the groundwater level downstream of the spillway from declining below its 

historic natural level.  The distribution trench will be located 11 feet downstream of the 

spillway and will be configured similarly as described above for the collection trench. 

¶ Connector pipes to convey water from the collection trench to the distribution trench.  

These pipes will be solid 10-inch PVC pipes that are 22 feet long and connect the 

collection trench pipe to the distribution trench pipe.  The connector pipes will 

penetrate through the secant pile wall, and a low-permeable seal wil l be used to 

reduce seepage through these wall penetrations.  An estimated eight connector pipes 

will be spaced at approximately 260 feet along the distribution and collection trench 

alignments.  The collection pipes, distribution pipes, and connector pipes will have a 

hydraulic capacity that is orders of magnitude higher than the  collection and 

distribution trenches, and therefore the proposed configuration of connector pipes is 

appropriate for conveying flows through the spillway wall and maintaining similar 

groundwater levels on both sides of the wall. 

¶ Trench Backfill Plugs.  Both the upstream collection trench and the downstream 

distribution trench will include intermittent segments where a solid 10-inch PVC pipe 

is installed instead of a slotted pipe, and the trench is filled with low-permeable 

backfill (plugs) instead of filter material.  These plugs are anticipated to be about 20 

feet long and spaced about every 260 feet along the collection and distribution 

trenches.  The purpose of the backfill plugs is to promote groundwater flow across the 

spillway alignment (i.e., through the connector pipes) instead of flowing along the 

length of the collection or distribution trenches.   

¶ Manholes will be installed about every 260 feet along the collection trench and 

distribution trench at the location of each connector pipe.  These manholes will 

provide access to the collection trench pipes and distribution trench pipes for 

inspection and maintenance of the system.    

¶ Gates.  Regulating gates will be installed in the manholes in the collection trench at 

the upstream end of the connector pipe and at the discharge end of the collection 

trench pipes.  Similar to the backfill plugs, the purpose of these gates is to promote 
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groundwater flow through the connector pipes instead of along the collection trench 

pipe.  These gates will al low various segments of the groundwater conveyance system 

to be adjusted individually to accommodate potential local variations in alluvial 

properties or other characteristics of the hydrogeologic system. 

¶ Monitoring wells.  Additional monitoring wells will be installed upstream and 

downstream of the spillway alignment to record pre- and post-Project groundwater 

levels.  The gates will be adjusted, so the conveyance system generally mimics the 

existing groundwater system.  We anticipate that some initial gate adjustments will be 

required to calibrate system performance immediately after construction.  Locations 

of additional monitoring wells will be identified in future phases of design.   

12.3 Dam Embankment Groundwater Conveyance System 

The dam embankment groundwater conveyance system wil l be the toe drain for the 

embankment dam.  The toe drain will mitigate any rises in the groundwater elevations that will  

be caused by the barrier wall below the embankment dam.  The toe drain will be installed near 

or slightly above the seasonally high groundwater table.  Groundwater levels that rise above this 

historic level will be collected by the toe drain, and this water will be redistributed downstream 

of the embankment dam when it flows along segments of the toe drain pipe that are above the 

natural groundwater table.  Additional information about the performance of this system is 

presented in the following section and in Section 10.1. 

12.4 Groundwater Conveyance System Discharges  

Groundwater and seepage collected in the downstream embankment toe drains will be distributed 

into the groundwater in a similar manner as the spillway groundwater conveyance system. 

We anticipate that a Subterranean Dewatering Permit (General Permit Number COG603000) 

will  be required from the Colorado Department of Public Health and Environment if the 

embankment toe drain pipe was to collect groundwater and discharge the water onto the 

ground surface or a surface water body.  Requirements of this permit include monitoring of 

daily flow rates and water chemistry testing to demonstrate that the collected groundwater 

does not exceed the water quality  standard for the receiving surface water body. 

Because of these permitting requirements, in our opinion, it is not desirable to discharge 

collected groundwater onto the ground surface.  Instead, we designed the toe drain pipe to 

redistribute collected groundwater within the subsurface.  We anticipate that some of the 

collected groundwater wil l re-infiltr ate along the length of the slotted toe drain pipe as it 
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flows through locations where the pipe is above the natural groundwater table.  Exfiltration 

areas will also be provided downstream of the embankment, where collected water can be 

reintroduced to the groundwater system.  Weir boxes will be provided within vaults 

periodically along the toe drain alignment for flow monitoring.  To provide redundancy, 

flows collected by the toe drain pipe that do not re-infiltrate within the drain system will be 

discharged into Viele Channel; however, in our opinion, surface water discharges will be 

highly unlikely. 

12.5 Groundwater Modeling 

12.5.1 Baseline Groundwater Modeling 

RJH developed a Baseline Model to support the design of the groundwater conveyance 

system.  The objective of the baseline groundwater modeling was to develop a model that (a) 

reasonably approximated the existing groundwater conditions near the site, (b) could be used 

to assess impacts to the natural groundwater conditions from proposed Project components, 

and (c) could be used to support the design of facilities to mitigate those impacts. 

RJH developed a conceptual model of the hydrogeologic system based on subsurface 

information obtained during our Phase I Geotechnical Investigation (RJH, 2019) and used 

MODFLOW-USG to develop a numerical Baseline Model of the existing hydrogeologic 

system near the Project Site.  The numerical model was calibrated to Site conditions 

measured in 2018/2019 and the unweighted scaled RMS error of the steady state and 

transient model components were 1.2 and 1.1 percent, respectively, which are well below the 

acceptable value of about 5 percent (MDBC, 2001).  We concluded that the Baseline Model 

provided a reasonable approximation of the existing groundwater system in the Project 

vicinity and was suitable for evaluating impacts of Project components and supporting the 

design of mitigation features. 

Additional information about the Baseline Model is presented in the Baseline Groundwater 

Model Report (RJH, 2021).   

12.5.2 Preliminary Design Modeling 

12.5.2.1 General 

Groundwater modeling performed to support preliminary design is described in the following 

sections and additional information is provided in Appendix E. 
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RJH modified the Baseline Model (RJH, 2021) slightly prior to beginning preliminary design 

modeling.  We decreased the hydraulic conductivity of bedrock to 2x10-7 cm/s throughout the 

model based on packer tests performed during our Phase II  geotechnical investigation (RJH, 

2022b).  This value is about 2 to 3 orders of magnitude lower than the hydraulic conductivity 

used in the Baseline Model for weathered and unweathered bedrock, respectively, and in our 

opinion, is reasonable based on site data and our experience with the Pierre Shale. 

RJH then used the modified Baseline Model (i.e., Pre-Project Model) to simulate the 

following scenarios and support the preliminary design: 

¶ No Conveyance System Scenario.  We simulated proposed facilities to evaluate 

groundwater effects if a groundwater conveyance system is not installed.  We used 

horizontal flow barriers (HFBs) to simulate the effects of the barrier walls along the 

embankment and around the detention excavation and the secant pile wall along the 

spillway.  We increased the hydraulic conductivity of cells within the detention 

excavation area to simulate removal of soil from this portion of the site.  We also 

added a drain boundary condition within the detention excavation area to simulate 

how water that accumulates in this area can flow out through the uncontrolled outlet 

works conduit.  The No Conveyance System scenario groundwater levels were 

predicted to be up to about 9 feet higher than Pre-Project levels upstream of the 

spillway and up to about 9 feet lower than Pre-Project levels downstream of the 

spillway.  No Conveyance System scenario groundwater levels were also predicted to 

be about 3 feet higher than Pre-Project levels downstream of the embankment dam 

near the west side of the CU Boulder South campus.  These predicted groundwater 

effects are not acceptable, and the model results demonstrate that some type of 

groundwater conveyance system is required to maintain pre-Project groundwater 

conditions at the Site. 

¶ Proposed Conditions Scenario.  We added proposed conveyance facilities into the 

model to mitigate the groundwater effects described above.  We used a drain 

boundary condition along the west side of the model to simulate the effects of the 

embankment toe drain pipe.  We used highly permeable cells to simulate the effects 

of a collection trench, distribution trench, and connector pipes along the spillway.  

We iteratively adjusted the configuration of the proposed facilities until the 

conveyance facilities appropriately mitigated the groundwater effects.  The final 

Proposed Condition Scenario developed during the preliminary design modeling 

consisted of segmented collector and distribution trenches.  Each segment was 

modeled as 300 feet long and 300-foot gaps of natural alluvium were simulated 

between each segment.  One connector pipe was simulated to connect each segment 

of the collector trench to each segment of the distribution trench.  Segmented 
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collector and distribution trenches were required to prevent excessive flows towards 

the northwest along continuous collector and distribution trenches.  The simulated 

Proposed Conditions configuration is shown on Figure 12.1. 

12.5.2.2 Proposed Conditions Scenario - Head Results 

Al though the groundwater model was developed using monthly stress periods to represent a 

complete hydrogeologic season, for preliminary design RJH only evaluated head conditions 

during one typical non-irrigation month when groundwater is generally low (November) and 

one typical irrigation month when groundwater in irrigated areas is generally high (June).   

The simulated changes to the groundwater levels between the Pre-Project and Proposed 

Conditions scenarios for November and June are shown on Figures 12.2 and 12.3, 

respectively.  Blue shaded areas on Figures 12.2 and 12.3 represent areas of simulated 

groundwater mounding (e.g., Proposed Conditions groundwater levels are predicted to be 

higher than Pre-Project levels), and red shaded areas represent areas of simulated 

groundwater decline (Proposed Conditions groundwater levels are predicted to be lower than 

Pre-Project levels).  Darker colors represent greater mounding or decline. Areas that are 

within +/-0.10 foot of Pre-Project groundwater levels are not shaded to improve clarity.  The 

numerical magnitudes of mounding or decline are also shown by callouts at selected 

locations on the plan figures.  

The head results on Figures 12.2 and 12.3 show the following, which in our opinion 

demonstrates that groundwater conveyance facilities will adequately maintain Pre-Project 

groundwater levels after construction of Project facilities:   

¶ Along the west side of the site, the predicted groundwater impacts are typically 

limited to less than +/- 1 foot and generally occur along the embankment dam 

alignment on CU property.   

¶ Upstream and downstream of the spillway, groundwater levels are generally predicted 

to change by less than +/-0.25 feet throughout the OSMP North and South fields. 

¶ Adjacent to the spillway alignment and north of the detention excavation, the 

groundwater level is predicted to change more than +/-0.25 feet and is predicted to 

decline up to about 1 to 2.6 feet in localized areas; however, these changes are 

acceptable in our opinion because they typically occur within the CDOT ROW and 

developed areas where changes in groundwater level are not anticipated to cause 

adverse effects.   
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12.5.2.3 Proposed Conditions Scenario - Flow Results 

We evaluated the amount of groundwater flow that is predicted to occur beneath US36 for 

the Proposed Conditions Scenario.  Simulated flows were extracted from the model using the 

same techniques as described in the Baseline Groundwater Model Report (RJH, 2021).  The 

predicted Proposed Conditions flow beneath US36 simulated minor redistribution and 

decrease of flows ranging from 0.2 to 14 percent; however, the total flows beneath US36 

were within about 2 percent of the Pre-Project flow rates for every month of the model 

simulation, which in our opinion is negligible and within tolerable limits. 

The highest flow rate modeled through any of the proposed connector pipes was about 14 

gallons per minute (gpm).  A 22-foot-long 10-inch PVC pipe can convey 14 gpm under 

negligible head (much less than 0.1 foot), and therefore the connector pipes are anticipated to 

have adequate capacity for conveying flows across the spillway alignment. 

12.5.3 Groundwater Modeling - Conclusions 

We conclude the following from the results of groundwater modeling: 

¶ The Baseline Model provides a reasonable approximation of the existing groundwater 

system in the Project vicinity and is suitable for evaluating impacts of Project 

components and supporting design of mitigation features. 

¶ Project components are anticipated to create unacceptable changes to existing 

groundwater conditions if mitigation features are not installed. 

¶ The Proposed Conditions Scenario illustrated on Figure 12.1 generally maintains Pre-

Project groundwater levels and is an acceptable design solution.  Groundwater level 

impacts are predominantly limited to areas on CU Boulder South campus, CDOT 

ROW, and developed areas immediately adjacent to Project facilities.  The modeled 

scenario is useful for supporting the preliminary design of groundwater mitigation 

systems.  

¶ Collection and distribution trenches along the spillway will contain periodic backfill 

plugs and gates, and multiple connector pipes that will facilitate operational flexibility 

for regulating the distribution of flow through the system and restrict groundwater 

from flowing along the lengths of the trenches.   

¶ Components of the groundwater conveyance system have ample hydraulic capacity.  

A 10-inch pipe was selected to accommodate access for long-term inspection and 

maintenance. 
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¶ The preliminary design of the groundwater conveyance system is reliable and suitable 

for 30 percent design.  Configurations of Project components will be refined as the 

design progresses.  Also, in future stages of design we will use the groundwater 

model to confirm that the design solution performs acceptably under a range of 

operating conditions, including variability in aquifer properties, precipitation, and 

evaporation rates, etc. 

¶ Additional monitoring wells will need to be installed near proposed facilities to 

collect existing (i.e., pre-construction) groundwater data and allow for monitoring the 

effectiveness of conveyance facilities. 
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SECTION 13 - OUTLET WORKS 

13.1 General 

The outlet works will extend from the detention excavation south of US36 to Viele Channel 

north of US36.  The outlet works will allow the lower portion of the reservoir pool to drain to 

meet SEO dam safety requirements and water rights requirements.  The inlet will  be set at El. 

5343.0, which is the bottom of the detention excavation.  The outlet will be set at El. 5340.0, 

which is the invert elevation of Viele Channel north of US36.  Tunneling will be required for 

the portion of the outlet works conduit below US36. 

RJH performed hydraulic modeling to identify a preferred size and configuration for the 

outlet works (see Section 9).  Based on the results of the modeling, the outlet works will 

consist of a single 60-inch diameter pipe with intake and outlet structures.  This configuration 

will  result in a peak discharge of 350 cfs through the outlet works during the 100-year flood 

event.  The portion of the reservoir that does not freely drain to SBC will  drain through the 

outlet works in approximately 10 hours, which meets both SEO and water rights criteria.   

13.2 Intake Structure 

The intake structure will consist of a 14.5-foot-high, reinforced concrete riser structure.  The 

intake structure wil l be located near the upstream toe of the detention excavation in the 

northeast corner of the detention excavation.  The front, sides, and top of the structure will 

include openings covered by trashracks.  The intake structure will  have interior dimensions 

of 7-feet by 10.5-feet, which were selected to provide sufficient access for maintenance and 

to provide sufficient open area to meet SEO and MHFD trashrack velocity requirements, 

which limit velocities to 5 fps (50-percent clogged) and 2 fps, respectively.  The trashracks 

along the front and sides of the structure will be vertical.  The trashrack along the top of the 

structure will be sloping.  This may provide redundancy for trashrack clogging since it is 

possible that the different trashrack shapes will  have different clogging mechanisms.  

Theoretically, the trashrack could be about 80 percent clogged before it will  become a 

hydraulic restriction and impact drain time of the reservoir.   

The intake structure will  generally be exposed because it will  be located at the upstream toe.  

This may increase the likelihood of vandalism and safety risks from pedestrians climbing the 

structure.  Another option will  be to embed the intake structure in the detention excavation 

slope and replace the vertical trashracks with a sloping trashrack.  This will  significantly 

reduce the visibility and exposure of the structure. 
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13.3 Conduit 

The outlet works conduit will consist of a 730-foot long 60-inch diameter pipe.  

Approximately 480 feet of pipe will be installed in an open excavation and encased in 

reinforced concrete and tunneling will be required to install approximately 250 linear feet of 

pipe below US36.   

Lithos performed a tunnel feasibility evaluation.  A tunnel feasibility technical memorandum 

was developed and is presented in Appendix F.  In general, Lithos did not identify any fatal 

flaws that will  preclude construction of a tunnel.  Lithos evaluated the feasibility, advantages, 

and disadvantages of several tunneling methods including pipe ramming, microtunnel boring 

machine (MTBM), and shielded tunneling: 

¶ Pipe Ramming:  This technique involves ramming a steel casing across the alignment 

prior to excavating material from within the casing.  This method has the lowest risk 

of overexcavation and settlement than other feasible methods and is typically favored 

by other stakeholders.  This method is also better able to extend through cobbles and 

boulders than other methods, and the risk for abandonment is lower.  The practical 

maximum length for this technique is about 300 to 320 feet.  This method may cause 

vibration concerns, and specific vibration monitoring and instrumentation will  be 

required to manage or prevent claims.   

¶ MTBM:  This technique uses a pressurized rotating cutting head to excavate the 

ground.  Ground support is provided by a jacked pipe or with erected supports and 

with a pressurized bentonite-slurry at the excavation face to counter earth pressures.  

MTMB has the ability to displace or break apart larger boulders at the cutting head; 

however, nested boulders and cobbles can be challenging.  If the MTMB fails to cut 

through boulders or cobbles, a rescue shaft or dewatered tunnel may be required to 

salvage the machine.  This technique is often significantly more expensive and 

schedule intensive and requires a much larger staging area than other techniques. 

¶ Shielded Tunneling:  This technique involves excavation with hand-tools and/or a 

hydraulic excavator arm at the head of the tunnel.  Ground support is provided by a 

jacked pipe.  Full alignment dewatering may be difficult to achieve with this 

technique, which will  limit the abili ty to have a stable excavation face for this 

method.  Even closely spaced well-points and deep wells within bedrock may only 

prove marginally effective at lowering the groundwater table sufficiently to have a 

stable excavation face.  

Lithos identified that the pipe ramming technique is the preferred tunneling method with the 

least overall project risk.  Pipe ramming will  be used to install a 96-inch diameter steel casing 
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pipe beneath US36.  The size of the casing pipe was selected to facilitate advancement past 

potentially large boulders and to provide flexibility for  installing the carrier pipe at the 

desired grade.  The tunnel alignment will  be oriented perpendicular to US36, which is 

typically preferred by CDOT, and will be about 250-feet long, which is an appropriate 

distance for pipe ramming.  A 60-inch steel carrier pipe will  be installed within the casing 

pipe, and the annulus between the carrier pipe and casing pipe will  be grouted.  The portion 

of conduit upstream of US36 will consist of a concrete encased 60-inch steel pipe that is 

installed with an open excavation rather than a tunnel to accommodate the pipe ramming 

length limi tations.  A 30-degree bend will be required in the conduit between the portion of 

the conduit installed in the open excavation and the portion that is tunneled.   

The tunnel will require an approximately 20-foot by 40-foot launch shaft and a 20-foot by 

20-foot receiving shaft.  The tunnel will be installed from upstream to downstream to reduce 

the construction impacts north of US36 (size of work area, duration that work is being 

performed, number of traffic/deliveries, etc.).  The launch shaft will be constructed in the 

CDOT ROW.  The receiving shaft will be constructed on OSMP property to the north of 

DCD2.  The receiving shaft wil l also be used to provide a supported excavation for 

construction of the outlet structure.  

13.4 Outlet Structure and Discharge Channel 

The outlet structure will consist of a reinforced concrete, baffled outlet structure at the downstream 

end of the conduit.  The outlet structure was sized using the Reclamation Engineering Monograph 

No. 25 Hydraulic Design of Stilling Basins and Energy Dissipators (Reclamation, 1984).  The 

required basin width for a 60-inch diameter pipe is 17 feet.  These dimensions are based on the 

proportional relationships from model studies performed by Reclamation. 

Riprap wil l be installed in Viele Channel in the vicinity of the outlet structure for erosion 

protection.  The hydraulic modeling described in Section 9 was performed assuming Viele 

Channel downstream of US36 consists of significant shrub and tree growth.  Some of this 

vegetation will need to be removed to install the outlet structure and riprap.  As the Project 

advances, we will evaluate whether additional vegetation removal and maintenance in Viele 

Channel between US36 and South Boulder Road will  provide hydraulic benefits to the Project.  

Removing existing vegetation from the channel would increase the hydraulic capacity, and this 

may provide some downstream flood benefits. 
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SECTION 14 - SITE DRAINAGE 

14.1 General 

The Project facilities will impact Viele Channel, DCD2, US36 wildlife crossing, and site 

drainage under US36.  A discussion of impacts to site drainage and potential solutions is 

presented below.   

14.2 Viele Channel 

Viele Channel extends through the northwest portion of the CU Boulder South campus. The 

alignment of the embankment dam has generally been located so that the downstream toe of 

the embankment is about 50 feet from the top of the right bank of Viele Channel.  RJH 

performed a hydrologic and hydraulic evaluation to identify the impacts of flooding in Viele 

Channel on the dam embankment. 

The Viele Channel watershed at the Project site is approximately 1.2 square miles.  The 

watershed extends southwest of the Project site through multiple residential neighborhoods 

and into Shanahan Hill.  Viele Lake is located in approximately the center of the watershed.  

Viele Lake is formed by a low-hazard, jurisdictional dam. Viele Lake Dam consists of an 

approximately 24-foot-high embankment dam with an approximately 90-foot-wide excavated 

earthen spillway through the right abutment.   

RJH performed hydrologic analyses to identify peak flow rates in Viele Channel at the 

Project site during the PMF.  The hydrologic analyses were performed in accordance with the 

SEOôs Hydrologic Basin Response Parameter Estimation Guidelines (SEO, 2008) and the 

SEO Rules and Regulations (SEO, 2020a).  Viele Lake and spillway do not have sufficient 

hydraulic capacity to rout the PMF, and the dam will  breach during the PMF.  A breach of 

Viele Lake was included in the hydrologic analysis.  Based on the analysis performed by 

RJH, the controlling PMF event in Viele Channel at the Project site is the 2-hour Local 

storm.  The peak flow rate for this event is 6,033 cfs. 

Additional information regarding the Viele Channel hydrologic evaluation is presented in a 

technical memorandum in Appendix G.1.   

RJH performed hydraulic analyses of the PMF in Viele Channel at the Project site.  The 

embankment will need to be designed to safely withstand a PMF in Viele Channel.  The 

segment of Viele Channel adjacent to the dam embankment varies and consists of a 
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combination of the following: open channels, a detention pond, and culverts under roadway 

crossings.  The channel and culverts are not sized for an extreme flood event like the PMF 

and will overtop.  A portion of the overtopping flows will discharge onto the downstream 

slope of the dam embankment.   

The flow regime beyond the main channel of Viele Channel will consist of shallow overland 

flow.  RJH developed a two-dimensional hydraulic model using HEC-RAS 5.0.7.  An inflow 

hydrograph was used for the boundary condition at the upstream end of the model and consisted 

of the Viele Channel PMF hydrograph developed by RJH with a peak flow rate of 6,030 cfs. 

Based on the results of the HEC-RAS model, velocities along a majority of the downstream 

slope of the embankment will  be less than 0.5 feet per second during the PMF.  These 

velocities will  not be expected to cause erosion of grass-covered earthfill materials.  There is 

an approximately 130-foot-long segment of the downstream slope where the velocities will  

be between about 2 to 4 fps.  The flow depths in this area will  be less than 2 feet.  These 

velocities will  li kely not cause erosion of grass-covered earthfill materials if the grass cover 

was moderately dense.  If grass cover is not dense, then minor erosion will  be expected.  We 

do not anticipate that minor erosion in this area will  be a dam safety risk.  

In RJHôs opinion, potential impacts to the dam embankment from an extreme flood in Viele 

Channel appear to be negligible, and a grass-covered slope should be adequate to maintain a 

stable embankment and more robust erosion protection of the downstream slope is not required.   

Additional information regarding the Viele Channel hydraulic evaluation is presented in a 

technical memorandum in Appendix G.2.   

14.3 Dry Creek Ditch No. 2 

DCD2 is owned and maintained by the DCD2 Company.  Flows in the ditch are diverted 

from SBC approximately 1.8 miles upstream of the Project site.  DCD2 consists of an earthen 

ditch from the point of diversion through OSMP property to the Project site.  Multiple 

turnout structures are located along this segment of the ditch that facilitate flood irrigation of 

OSMP property south of US36. 

DCD2 extends under US36 through a 6-foot by 4-foot reinforced concrete box culvert.  The 

culvert discharges into a 6-foot-wide by 3-foot-high rectangular concrete-lined channel 

downstream of US36.  The concrete lined channel transitions to a 5.25-foot-wide by 2-foot-

high concrete-lined channel approximately 85 feet downstream of the culvert and discharges 

into an approximately 7-foot-wide earthen ditch 375 feet downstream of the culvert outlet.   
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The capacity of the ditch varies significantly by location and ranges from 20 to 375 cfs.  

Based on information from the City of Boulder Water Resources Department, the decreed 

water right in DCD2 at the headgate is 44 cfs, which will be verified with the DCD2 

Company during future design phases.   

The spillway alignment intersects DCD2 approximately 75 feet upstream of US36.  The 

Project will need to be designed to facilitate conveyance of the decreed flow rate in the ditch 

and maintain the ability to flood irrigate OSMP property.   The portion of DCD2 upstream of 

US36 is currently, and will continue to be, inundated during large flood events in SBC.  

However, the depth and duration of inundation will be higher than existing conditions.   

For the 30-percent design, modification to DCD2 will  consist of extending the upstream face 

of the culvert through the spillway wall.  This will  accommodate future operations in DCD2 

without obstruction from the Project.  Based on hydraulic modeling performed by the Project 

team (see Section 9), the Project will  increase the 100-year water surface elevation at the 

US36 culvert by approximately 2.5 feet (1.1 psi) and will  increase the 100-year flow through 

the culvert by 70 cfs (from about 290 to 360 cfs).  These increases in pressure and flow 

through the culvert should be acceptable for an RCBC, but this should be confirmed with 

additional analyses.   

Additional information regarding DCD2 is presented in a technical memorandum in 

Appendix G.3.  Additional coordination with DCD2 Company will be performed in the next 

stage of design to discuss modifications to their facilities.   

14.4 Wildlife Crossing 

A wildlife crossing extends under US36 approximately 400 feet west of SBC and consists of 

a dual 4-foot by 10-foot RCBC.  The wildli fe crossing was installed as part of the US36 

widening project implemented by CDOT in 2016.  An approximately 9-acre area to the south 

of US36 drains directly to the wildlife crossing.  This area was previously drained to an 

adjacent culvert below US36 and to SBC prior to the installation of the wildlife crossing.  

The wildlife crossing will  also discharge flows from SBC during a flood event.   

The spillway alignment is located approximately 75 feet upstream of the face of the wildlif e 

crossing.  The wildli fe crossing will be extended to the upstream face of the spillway wall to 

facilitate wildlife access.  Based on hydraulic modeling performed by the Project team (see 

Section 9), the Project will  increase the 100-year flow through the wildlife crossing by 55 cfs 

(from about 810 to 865 cfs).  These increases in fl ow through the culvert should be 

acceptable for an RCBC, but this should be confirmed with additional analyses.   
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14.5 US36 Culverts 

The OSMP property south of US36 drains through a series of culverts below US36.  The total 

drainage area is approximately 60 acres, not including the OSMP area that drains to SBC.  

These culverts include the US36 wildlife crossing and DCD2 crossing discussed above and 

multiple smaller culverts.  The smaller culverts include two 18-inch by 24-inch elliptical RCP, 

one 24-inch by 36-inch elliptical RCP, and one 24-inch RCP.  These culverts discharge to 

OSMP property on the north side of US36 and are used to convey stormwater runoff during 

flood events and routine irrigation flows.   

The spillway alignment is located approximately 65 feet upstream of the face of these 

culverts.  Flows from the areas south of the spillway will be obstructed by the spillway wall.  

We understand that the culverts need to convey routine irrigation flows to maintain historic 

irrigation patterns on both sides of US36 and flow from routine rainfall and snow melt 

events.  One option to address this issue will  be to extend the culverts to the face of the 

spillway wall.  However, this will  not accommodate drainage of the area between the US36 

embankment and the spillway wall.  To maintain drainage of this area and to convey routine 

irrigation flows, we propose to install small openings in the spillway wall directly upstream 

of each culvert except for the wildlife crossing and DCD2, which will be extended through 

the spillway wall.  The small openings wil l be sized to convey routine irrigation flows and 

flows from routine precipitation and snowmelt events but will not convey an excessive 

amount of water during a flood event on SBC that will  result in overtopping of US36 and 

subsequent flooding of the West Valley.  Additional hydraulic modeling will be performed in 

the next stage of design to size these openings.  

14.6 CU Boulder 

The entirety of the OS-O land use area and about 55 acres of the PUB land use area on the 

CU Boulder South campus property will drain into the detention excavation.  Approximately 

70 acres of the PUB land use area will drain into the area between the dam embankment and 

roadway embankment, which will not freely drain to an adjacent drainageway.  A culvert will 

be installed through the South Loop Drive earthen ramp to drain this area into the detention 

excavation.  A flap gate will be installed on the culvert outlet to prevent water in the 

detention area from entering the PUB land use area.  It may be desirable to discharge this 

culvert into Viele Channel instead of the detention area and should be evaluated in the next 

stage of design. 
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SECTION 15 - SITE GRADING AND ACCESS 

15.1 General 

Site grading and site access improvements will be required to support the Project facilities 

discussed in the proceeding sections and to meet Project design criteria.  Site grading will 

include the detention excavation and miscellaneous grading needed to promote site drainage.  

Site access modifications will be required for South Loop Drive and the multi-use trail.  The 

Project will  also include construction of new access roads through the site to provide access 

for maintenance and operation.   

15.2 Site Grading  

15.2.1 Detention Excavation 

To ensure that the Project does not cause additional flooding on the main stem of SBC 

downstream of US36, the Project must be configured to maintain or reduce flows 

downstream of South Boulder Road for the design event.  Based on hydraulic modeling (see 

Section 9), between 73 to 105 ac-ft of detention storage is required below the existing ground 

to achieve hydraulic and floodplain design criteria.   

The detention storage will be achieved by excavation on the northern portion of the CU 

Boulder South campus.  The detention excavation grading plan was developed to include the 

following features: 

¶ The bottom of the excavation will be at El. 5344 to facilitate drainage to Viele 

Channel on the north side of US36.  This will prevent the formation of a permanent 

pool in the detention excavation, which is undesirable because it could promote 

mosquito habitat and cattail and wetland vegetation.   

¶ Low-flow channel approximately 2-feet-deep and at a 0.5-percent slope.  This should 

provide sufficient drainage to prevent stagnation in the low-flow channel and will  keep 

areas outside of the low-flow channel relatively dry during routine conditions.  This 

should promote the growth of desirable riparian and upland vegetation outside of the 

low-flow channel rather than cattails and other wetland vegetation.  It will also allow a 

majority of the bottom of the excavation to be relatively dry for maintenance access.   

¶ Inflow rundown consisting of a grass-lined open channel rather than a concrete or 

grouted riprap chute.  The inflow rundown will  be graded at a 0.5-percent slope to reduce 

the risk of erosion during a large flood event.  The inflow rundown will direct flows 
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toward the south end of the excavation rather than the north end to reduce the likelihood 

of sediment and debris being deposited directly at the outlet works intake structure.   

¶ Side slopes no steeper than 4H:1V for aesthetic and maintenance considerations. 

Additional refinement of the grading will be needed in the next stage of design to reduce 

these impacts.   

Since the excavation will  be below existing groundwater elevations, a barrier wall is needed 

to keep the excavation from collecting groundwater, which will  render it ineffective for 

detention storage.  The barrier wall will  be similar to the barrier wall described above for the 

embankment dam but will  extend around the perimeter of the detention excavation.  The 

barrier will consist of a 3-foot-wide soil-bentonite barrier wall that will extend 5 feet into the 

underlying Pierre Shale bedrock. 

The detention excavation will  be within 200 feet of the upstream toe of the dam, which 

violates the SEOôs Rules and Regulations.  Our embankment analyses considered this 

excavation, and it does not pose a stability risk to the embankment.  We will obtain a waiver 

from the SEO for this variance.   

As described in Section 9.3, the detention excavation grading plan presented in the 30-

percent design results in localized increases (up to 0.1 foot) in the 100-year water surface 

elevation downstream of the site.  The current detention excavation grading will be modified 

in the next phase of design to meet the design criteria.  Currently the lowest elevation in the 

detention area is about 1 foot above the invert elevation of the outlet works inlet structure.  

We expect that the additional needed storage can be attained by lowering the bottom of the 

detention excavation area and by adjusting the slopes within the excavation.   

15.2.2 Miscellaneous Site Grading 

Miscellaneous site grading will be required adjacent to the primary Project facilities.  The 

site grading will be developed to drain to the closest respective drainageway (SBC, Viele 

Channel, detention excavation, etc.). 
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15.3 Site Access 

15.3.1 South Loop Drive 

South Loop Drive will be the primary access point to the site for permanent (post-

construction) access.  The alignment of the embankment dam extends across South Loop 

Drive.  South Loop Drive will need to be reconstructed to provide access over the 

embankment dam.     

An earthen roadway ramp will be constructed that extends over the embankment dam.  The 

top width of the earthen roadway ramp will be 80-feet wide in accordance with the 

Annexation Agreement between the City and CU (City and CU, 2021).  A 24-foot-wide 

paved asphalt road will be constructed on top of the earthen roadway ramp as part of this 

Project.  CU will be responsible for future improvements to South Loop Drive.   

The ramp north of the dam embankment will be at less than a 4-percent slope, which was 

selected based on roadway design criteria presented in the City of Boulderôs Design and 

Construction Standards (Boulder, 2020).  To the south of the dam embankment, the earthfill 

roadway ramp will extend along the western edge of the detention excavation.  The top of the 

earthen roadway ramp at this location was set at the same elevation as the 500-year flood 

water surface elevation (El. 5368.0).  

15.3.2 Site Access Roads 

Permanent access roads will be required to provide access to Project facilities for future 

maintenance activities, and to access CU property.  An aggregate access road will be 

installed along the crest of the dam.  Access to the embankment dam crest will be from South 

Loop Drive and will include a vehicle turnaround near the right end of the embankment.    

As the design progresses, the City should consider the need to install  permanent access roads 

at the following locations: 

¶ Along the downstream toe of the embankment between Viele Channel and the 

embankment.  This will  provide access to toe drains for vegetation 

removal/maintenance along the downstream slope. 

¶ Along the upstream toe of the embankment.  This will  provide access for vegetation 

removal/maintenance along the upstream slope. 
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¶ Along the upstream side of the spillway wall.  This will  provide access to 

groundwater conveyance system manholes.   

¶ Into the detention excavation.  This will  provide access for the removal of sediment 

and debris.   

15.3.3 Multi-Use Trail 

The alignment of the spillway connection to US36 extends across the existing multi-use trail.  

An approximately 300-foot-long segment of the existing multi-use trail will be demolished 

and reconstructed at this location.  An earthfill ramp will be placed along both sides of the 

spillway wall at this location to accommodate the multi-use trail.  The slopes of the multi-use 

trail earthfill ramp will be at 20H:1V based on criteria from Boulder Parks and Recreation 

Design Standards Manual (Boulder, 2021).  The width of the reconstructed multi-use trail 

was set to match the width of the existing trail.   
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SECTION 16 - ENVIRONMENTAL PERMITTING, MITIGATION AND 

RESTORATION 

16.1 Environmental Permitting 

16.1.1 Clean Water Act 

The City will need to obtain a CWA Section 404 permit to construct the project because of 

anticipated impacts to wetlands.  USACE will be the lead regulatory agency for this permit.  The 

RJH Team and the City performed a site walk with Matt Montgomery with USACE on August 

17, 2021.  Based on this site walk, USACE provided the following preliminary opinions: 

¶ The wetlands along the US36 corridor and north end of the CU Boulder South 

Campus will  likely not be considered jurisdictional wetlands because they are not 

directly connected to SBC and lack inundation in a typical year. 

¶ Wetlands along Viele Channel may be considered jurisdictional.  If these wetlands 

are jurisdictional, then the South Loop Drive modifications south of US36 and the 

outlet structure north of US36 will  impact jurisdictional wetlands.   

¶ The work in Viele Channel north of US36 could likely be permitted under 

Nationwide Permit (NWP) 7 for Outfall Structures. 

¶ The work in Viele Channel south of US36 for South Loop Drive modifications could 

likely be permitted under NWP 14 for Linear Transportation.   

¶ The Area of Potential Effect will  likely only be defined to include areas along Viele 

Channel.  However, USACE will  likely review the Biologic Assessment for the entire 

Project site.    

USACE requested that the City submit a request for jurisdictional determination.   

The RJH Team submitted a request for jurisdictional determination to USACE on November 

11, 2022.  The USACE provided an Approved Jurisdictional Determination letter on May 20, 

2022.  The USACE determined that Viele Channel and DCD2 meet the definition for waters 

of the United States.  Work impacting Viele Channel and DCD2 will require a Section 404 

permit.  A copy of the request for jurisdictional determination and Approved Jurisdictional 

Determination letter are provided in Appendix H.   

USACE will also require the development of a Biological Assessment and Cultural 

Resources Class III Report.  The extent of ecological restoration will need to be identified 
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prior to the completion of these reports, so this area can be included in the biological and 

cultural evaluations.   

16.1.2 City of Boulder Wetland Permit 

A City Wetland Permit will be required to construct the Project because of anticipated impacts 

to wetlands.  The City Wetland Permit will  be based on Project impacts to delineated wetlands, 

not just those deemed jurisdictional by USACE.  The City Wetland Permit will require an 

approved CWA Section 404 permit and a Compensatory Wetland Mitigation prior to approval 

by the City.   An initial meeting was held with City Planning Department staff to discuss 

permit requirements and process.  Additional work for this permit has not been advanced.  

16.2 Environmental Mitigation and Ecological Restoration 

Wetland mitigation will  be required to comply with the Cityôs Stream, Wetland, and Water 

Body Regulations, which requires mitigation at a ratio between 2:1 and 2.5:1 for wetland 

impacts, depending on the quality of the wetland.  Wetland mitigation will  also be required 

for the CWA Section 404 permit if impacted wetland areas exceed 1/10 acre.  Mitigation of 

ULTO and PMJM habitat will also likely be required by USACE.  Consultation between 

USACE and USFWS will be performed to discuss mitigation strategies.   

The environmental mitigation will be constructed on-site in the OS-O portion of the CU Boulder 

South campus and will be performed in conjunction with a larger ecological restoration of this 

area.  The goals of the environmental mitigation and ecological restoration include: 

¶ Removal of the existing levee embankment to reconnect the OS-O area to the SBC 

floodplain and riparian corridor. 

¶ Development of new wetlands while maintaining current wetlands in the OS-O area. 

¶ Development of new T&E habitat while sustaining current T&E habitat conditions in 

the OS-O area.   

The environmental mitigation and ecological restoration concepts will  be identified in the 

next phase of design.   
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SECTION 17 - OPINION OF PROBABLE CONSTRUCTION COSTS 

17.1 General 

The RJH Team developed an OPPC based on the preliminary design concepts presented in 

this report.  This OPPC is considered a Class 3 estimate as defined by the ASTM E2516-11.  

This class designation is used when the design is between 10 percent and 40 percent 

complete.  The reliability of a Class 3 estimate according to ASTM is between minus 15 to 

plus 20 percent.  Costs are presented in April 2022 dollars. 

Cost opinions were developed by estimating quantities of elements of the work based on the 

preliminary-level design drawings and unit costs were developed from the following sources:  

¶ Published and non-published bid price data for similar work. 

¶ Manufacturerôs, suppliersô, and contractorôs budgetary price quotes. 

¶ Our internal database, previous experience, and judgement.  

¶ R.S. Means Heavy Construction Cost Data for 2021. 

The ñBase Construction Subtotalò (BCS) is the sum of costs of the work items currently 

defined.  The ñDirect Construction Subtotalò (DCS) is the BCS plus construction 

contingencies.  For Preliminary Design a contingency allowance of 25 percent of the BCS 

was used to account for unit price and quantity variations, variable market conditions, and 

uncertainty at this phase of design.  This percentage will likely decrease as the Project is 

better defined in subsequent stages of design.  Other Project costs that are required to 

implement the Project are included as a percent of the BCS as follows: 

¶ Design Engineering:  9 percent of the BCS. 

¶ Construction Engineering and Management:  12 percent of the BCS. 

¶ CLOMR/LOMR Engineering and Fees:  2 Percent of BCS. 

¶ Environmental Permitting:  1 Percent of BCS. 

A summary of the OPPC is presented in Table 17.1 and supporting information is presented 

in Appendix I.  
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TABLE 17.1  

OPPC SUMMARY 
 

Category Cost 

General Items $9,606,000 

General Earthwork $4,730,000 

Embankment Dam $2,424,000 

Spillway $11,213,000 

Instrumentation $178,000 

Barrier Wall $1,404,000 

Outlet Works $3,935,000 

Site Drainage $375,000 

US 36 Multi-Use Trail $181,000 

Bonds and Insurance $510,000 

BCS $34,556,000 

Contingencies (25 percent) $8,511,000 

DCS $43,067,000 

Other Costs $7,948,000 

OPPC $51,015,000 

The OPPC is based on professional opinions and may change as more design details are 

developed.  Actual costs will be affected by several factors beyond current control, such as 

supply and demand for the types of construction required at the time of bidding, the Project 

vicinity, change in material supplier costs, changes in labor rates, competitiveness of 

contractors and suppliers, availability of qualified bidding contractors, changes in applicable 

regulatory requirements, change in economic conditions, and changes in design standards.  

Conditions and factors arising as the Project proceeds from development through bidding and 

construction may result in construction costs that differ significantly from the estimate 

provided in this Report.  

17.2  Basis of Cost Opinion 

Design concepts and considerations are discussed in Sections 4 through 16.  Additional 

considerations used to develop the OPPC are as follows: 

¶ Stripping and stockpiling topsoil will consist of removing the top six inches of 

existing topsoil.  

¶ Demolition of existing CU Boulder South facilities will include the demolition of 

fencing, concrete pavement, a maintenance building, and tennis courts.  Some items 
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associated with the demolition of the maintenance building are unknown, such as if 

the building contains asbestos, and costs associated with unknown items were not 

included.   

¶ Erosion and sediment control will consist of a silt fence extending along the limits of 

site disturbance.   

¶ Ecological restoration will include mitigating impacts to wetlands at a ratio of 2.5:1.  

For each acre of wetlands impacted by the Project, 2.5 acres of ecological restoration 

will occur.  Costs for additional ecological restoration beyond what is required for 

wetland mitigation are not included.  Some of the calculated wetland impacts are 

located in areas of temporary disturbance and it is possible that impacts to these 

wetlands could be reduced. 

¶ The cost for imported fill includes cost of placing fill from off-site excavations and 

the material, loading, and hauling costs.  An off-site fill source has not yet been 

identified, so we considered a 10-mile haul cycle for the imported earthfill materials.  

¶ Temporary signage and traffic control for the US36 multi-use path consists of detour 

signage placed every 500 feet along the detour as well as at each intersection.  Two 

barricades will also be placed at each end of the detour.  The construction period is 

assumed to be 18 months and temporary signage will be inspected daily by traffic 

control personnel during the construction period. 
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SECTION 18 - CONSTRUCTABILITY CONSIDERATIONS 

18.1 General 

RJH identified anticipated construction activities and Site conditions that are expected to 

impact the construction of Project facilities.  Constructability items, along with a brief 

discussion of key issues and possible methods to address each issue, are provided below.  

Additional constructability evaluations will  be performed in the next stage of design.   

18.2 Contractor Staging 

Construction activities require staging areas for contractor trailers, equipment, imported 

materials, and stockpile areas.  It is generally desirable to locate contractor staging areas 

outside of the construction footprint if possible.  For this Project, this will  be possible if the 

entirety of the staging area was located on the CU Boulder PUB land use area.  For 

preliminary design, we have estimated dimensions for the contractor staging area based on 

our experience with similar projects and have assumed the contractor staging area will  be 

located on the CU Boulder PUB land use area south of the earthen roadway ramp.   

If the PUB land use area is not available for contractor staging, then the contractor staging 

area will  need to be located on either the PK-U/O land use area or the OS-O land use area.  

The PK-U/O land use area is generally located throughout the footprint of the proposed 

detention facility, and the OS-O land use area is the location of proposed environmental 

mitigation and ecological restoration.  Staging in either of these areas will  likely require 

sequencing construction to accommodate contractor staging and relocating the staging area at 

some point during construction.   

Coordination with CU Boulder will be required in future stages of design to evaluate whether 

the PUB land use area can be used for contractor staging. 

18.3 Earthwork Balance 

Primary onsite borrow sources for the Project include the detention excavation, CU Boulder 

levee, and CU Boulder west berm.  Required excavations in these areas are estimated to 

produce about 230,000 cubic yards (CY) of borrow material.  Primary fill areas include the 

dam embankment and earthen roadway ramp and are estimated to require about 300,000 CY 

of fil l.  We anticipate that the embankment core (Zone 1) will be obtained from fine-grained 
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soil in the CU Boulder west berm, whereas material from the remaining excavations could be 

used for the embankment shell (Zone 2) and the earthen roadway ramp. 

A significant quantity (at least 70,000 CY) of earthfill will need to be imported to the Site to 

construct Project facilities.  This quantity could increase depending on the volume of 

excavated material that cannot be used for fill because of excessive boulders or other 

undesirable materials.  At this time, an offsite borrow source has not been established.  

Potential offsite locations should be identif ied in the next phase of design so they can be 

secured, and appropriate permits obtained in advance of bidding the Project.  It is our opinion 

that identification and procurement of this large quantity of import may be very difficult 

during a bidding process.  Earthwork balance will also be affected by material shrinkage (i.e., 

new fill is compacted to a higher unit weight than material in the borrow areas) and removal 

of oversized particles (described in the next section), which will be further evaluated in 

future phases of design.  Also, only two borings were drilled in the levee and one boring 

encountered some debris.  It is currently unknown if this debris is localized or throughout the 

levee, which could impact the volume that can be used for fi ll  material.   

For this level of design, we considered that specially graded aggregates (embankment Zone 3 

and Zone 4 and backfill for the groundwater conveyance system trenches) will  be imported to 

the Site from commercial sources.  The practicality of processing onsite soils to produce 

these products should be evaluated in future phases of design. 

The current design does not include an allowance for an onsite waste area.  Future stages of 

design should evaluate which miscellaneous materials generated during the work (bentonite 

slurry, bentonite-amended soil, material excavated from secant pile shafts, cobbles and 

boulders, etc.) will  be suitable to incorporate into permanent fill, if these materials could be 

left onsite or if they will  need to be disposed of offsite. 

18.4 Oversized Particles 

Oversized particles (i.e., cobbles and boulders) are expected to exist throughout the alluvium.  

Oversized particles will also be encountered within fill soils onsite, however based on current 

data the fill is expected to contain smaller-sized and less frequent oversized particles than the 

alluvium.  Additional test pits should be performed in the next phase of investigation to better 

characterize the oversized materials onsite.  The proposed construction techniques (e.g., pipe 

ramming for the tunnel and secant piles for the spillway foundation) were selected because 

these are preferred for handling oversized particles. 
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Oversized particles in the alluvium are expected to preclude the use of scrapers to excavate 

materials.  Also, depending on where the excavated alluvium will be used for fill, screening 

of the material may be required to remove oversized particles.  The approximate quantity of 

oversized materials that may need to be stockpiled or removed will be developed in the next 

stage of design.  We anticipate that existing fill materials will be able to be excavated using 

scrapers and will be able to be placed directly as fill without screening.    

Oversized materials excavated from the barrier wall alignments will  also need to be 

selectively removed from soil-bentonite backfill.  Supplemental fine-grained soil may need to 

be incorporated into soil-bentonite backfill if the materials excavated from the barrier wall 

trenches are too coarse. 

18.5 Construction Water 

Construction water will be needed for moisture-conditioning earthen fill, mixing bentonite 

slurry and soil-bentonite backfill, dust suppression, and other uses.  We anticipate 

construction water will be provided by the City from a nearby hydrant.  The contractor will 

be responsible for transporting or conveying water from the source to the site.  The logistics 

associated with using City-supplied construction water should be further evaluated in future 

stages of design.  Obtaining construction water from onsite sources such as existing water 

stored in ponds, runoff, groundwater, or from groundwater that is dewatered from other 

Project alignments should also be evaluated.  Key issues will be water rights, water quality, 

and water quantity.   

18.6 Construction Space Constraints 

The spillway and groundwater conveyance system will be constructed on OSMP property 

south of US36 to avoid impacts to existing utilities within the CDOT ROW.  For the 30-

percent design, we have assumed a 90-foot-wide construction corridor directly south of the 

CDOT ROW boundary based on discussions with City and OSMP staff.  This will  

accommodate the excavation of a 56-foot-wide working platform with 1.5H:1V side slopes.  

An excavated working platform slightly above the groundwater level is required to install the 

groundwater conveyance system collection and distribution trenches within standard trench 

boxes instead of in excessively deep shored excavations.  The 56-foot-wide platform will  

accommodate two lanes of equipment traffic, each with sufficient width for an excavator and 

dump truck.  However, the 56-foot-wide platform will  not provide sufficient space for 

stockpiling excavated materials along the spillway alignment.   
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There are two general options to manage the large volume of excavated material along the 

spillway alignment, which consist of the following: 

1. Large-scale stockpiling of all excavated material could occur within the contractor 

staging area.  The material will  then be hauled back to the spillway alignment for 

backfilling the completed structure.  This additional movement of material will add 

cost and duration to the Project. 

2. Stockpiling only enough material within the contractor staging area to open an initial 

work area along the spillway alignment.  Subsequent material excavated along the 

spillway will  be placed directly to backfill the adjacent completed work as 

construction progressed along the spillway.  This option will  reduce the overall 

handling of earthwork; however, it could significantly limit the productivity and 

increase the duration of specialty construction (i.e., secant pile installations). 

A wider working platform and construction corridor will  be beneficial to simplify and 

facilitate construction; however, this will encroach further into OSMP property.   

The outlet works outlet structure will be constructed within a 30-foot-wide corridor on the 

north side of US36 between DCD2 and Viele Channel.  An approximately 20-ft by 20-ft 

braced excavation will be used for both construction of the outlet structure and as a receiving 

pit for the tunnel, which will reduce the area of impact and reduce the risk to impact DCD2. 

Construction of the soil-bentonite barrier walls require a flat to gradually sloped platform and 

a work area along one side of the trench, which has a minimum width that is equal to the 

depth of the trench (i.e., about 20 feet) for stockpiling and mixing backfill material.  The 30-

percent design accommodated this need.  

18.7 Demolition 

Demolition activities will include demolishing the CU Boulder tennis courts, CU Boulder 

maintenance building, and miscellaneous existing site utilities, fencing, and trails.  Demolished 

facilities will need to be hauled off-site and disposed of by the contractor.  It is possible that the 

CU Boulder maintenance building could include asbestos or other potentially  hazardous 

materials that will  require specialty procedures for handling.  The material that needs to be 

demolished and disposed of will be evaluated in the next phase of the design. 

Other facilities to be demolished include utiliti es, fencing, a portion of the CU cross country 

trail, and a portion of the concrete multi-use trail.  We anticipate demolition and disposal of 

these facilities should be straightforward. 














